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:. may be eafily perceived by the title 
- of this work, that it is not offered to the 
public as a finifhed piece on the fubjeét. ‘To 
treat of the theory and practice of eleétri- 
city, in the fulleft manner, would require a 
larger treatife, and employ more time than 
I can devote to a work of this kind. 

The {cience of electricity is now gene- 
rally acknowledged to be ufeful and im- 
portant; and there is great reafon to think, 
that at a future period it will be looked up 
to as the fource from whence the principles 
and properties of natural philofophy mutt 
be derived. It’s utility to man will not be 
inferior to it’s dignity as a {cience. 

‘ [have not attempted to trace eleétricity 
from it’s firft rude beginnings, or to follow 
the mind of man in it’s various and irregu- 
lar wanderings, in fearch.of the laws by 

a2 which 
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which it aéts, and the fource from whence 
it is derived, as this has been fo well exe- 
euted by Dr. Prieftley. Our view of things 
is fo circumfcribed, and the myfteries of na- 
ture fo profound, that it is not eafy for us to 
determine, whether the received theory is 
founded on the bafis of truth, and conform-— 
able to nature, or whether we fhall be con-. 
fidered, by future philofophers, as mere 
children, amufed and fatisfed with imper- 
fe€t opinions and ill-digefted theories. When 
a variety of things are mixed together, 
which have httle or no conneétion, they. 
naturally create confufion. It has been my 
endeavour, in the following Effay, to col- 
le& and arrange, in a. methodical and con- 
cife manner, the eflential parts of eleCtri- 
city, by thefe means to render it’s applica- 
tion eafy, pleafant, and obvious to the 
young practitioner; and by bringing toge- 
ther experiments of the fame kind, make 
them mutually illuflrate each other, and 
thus point out the firength,. or difcover the 
weaknefs, of the theories that have been: 
deduced from them, —'Though. the nature 
and: 
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and confined limits of my plan did not ad. 
mit of much variety of obfervation, or a 
formal enumeration of every particular, yet 
' few things, I hope, of ufe en) geo 
have been omitted. daicenyst | 

As I do not wifh to ineur the j Hee ae 
of plagiarifm, I with pleafure acknowledge 
the affiftance I have received from the dif: 
ferent authors who have written on this fub- 
jet. Ihave ufed an unreferved freedom, 
in feleéting from their works whatever I 
found to anfwer my purpofe. 

The various interruptions and avoca- 
tions, from which, as a tradefman, I can- 
not be exempt, will, I hope, induce the 
reader to make fome favourable allowances 
for any errors which he may difcover, and 
kindly correét them for himfelf. 

Being encouraged by the very rapid fale 
of the former editions of this work, to offer 
another to the public, I have endeavoured 
to render it more perfeét by fuck additions 
and alterations, as either occurred to my 
own mind, or were fuggefted to me by 
others. The reader will find moft of the 

chapters 
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chapters either enlarged by the addition of 


new matter, or improved by a different ar- 
rangement of the old; more particularly, 


the chapters on medical eleétricity and the 
Leyden phial, 
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Containing a fummary View of the General 
Principles of Lletirieity, or a Series of 
introdulory Propofi tions and Experi- 


ments. 


Or Exrcrriciry, of Exscrrics, AND Non- 
ELECTRICS. 


HERE is a natural agent or power, gene- 

rally called the elefric fluid, which by 

friction, or other means, is excited, or brought 
into action. 

This action is manifefted to our Y fenfes by ie 


are termed electric appearances, _ 
3B - Thefe 
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Thefe appearances are—the attraction and 
repulfion of light bodies—pencils of light dart- 
ing from the electrified body, attended with a 
{napping noife on the approach of certain fub-. 
 ftances. 


ExpertMent.— Lake a glafs tube of an inch 
and a half in diameter, and about three feet 
Tong, rub this tube from one end to the other, 
with the hand, or a piece of dry filk, and it 
will exhibit electric appearances, or be excited. 
The power thus brought into action will attract 
and then repel fmall light bodies; fmall pen- 
cils of light will alfo dart from the tube in a 
beautiful manner, attended with a crackling 
noife, if the finger, or any other metallic fub- 
ftance, is brought near the tube. | 

EXPERIMENT.—Put your cylinder in good 
order, by the rules laid down in this work, Then 
turn the glafs cylinder, and all the foremen- 
tioned appearances may be obferved ; but as the 
action of the cylinder is ftronger than that of the 
tube, the effects will be more vifible in the for- 
mer. In .thefe two experiments the friction 
again{t the tube or cylinder has brought into 
action and rendered fenfible an agent, which 
before was apparently dormant and invifible 
to us. | 


With. 
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With refpe& to the electric matter, ‘all fub- 
ftances may be divided into two clafles, eleGrics 
or non-elettrics. 

Eleérics do not fuffer the eledttic matter to 
pafs readily over their furfaces; hence ies are 
alfo called non-conductors. : | 
| Non-elettrics permit the electric matter to eats 
readily over their furfaces; from whence they 
are termed coiduéfors: , 


Experiment.—A metallic cylinder. being 
fixed upon a glafs fupport, and placed near the - 
electric machine, will receive the electric fluid 
from the glafs cylinder, which will diffufe itfelf 
over the whole furface of the metallic cylinder: 
It does not however readily pafs over the glafs 
fupport, but is detained by it on the metallic 
cylinder, from whence it may be conveyed by 
any metallic fubftance. ean 


A metallic cylinder fupported by glafs, and 
furnifhed with fharp-pointed wires to collect 
the electricity from the glafs cylinder; is called 
the prime conduéfor. It is faid to be infulated by 
the glafs fupport, becaufe this obftructs the paf- 
fage, or cuts off the communication of the 
_ electric fluid with the earth. 
B2 
This . 
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_ This experiment will ferve to give.a general 
idea of the foundation of the divifion of all fub- 
“Rances i into electrics and non-eleétrics; but as 
it is a diftinction which runs through the whole 
bufinefs of electricity, we fhall endeavour to 
elucidate it further, by entering more fully into 
the properties by which thefe fub{tances are dif- 
tinguifhed. | 

EleGrics, or pe may have any part 
of their furface rendered electrical by friction, 
without diffufing the fame kind of electricity te 
any other part of their fubftance. 

Non-ele&rics, or conduCfors, cannot be ren— 
dered electrical by friction ;. and when electri- 
fied by any other means, the electricity is dif. 
- fufed over the whole of their furface, and every 
part thereof exhibits the fame kind of electricity. 

The partial diftribution of the electric fluid 
on non-conductors is eafily fhewn, by only exci- 
_ ting one part of a glafs plane, or a glafs tube. 

The equal diffufion of this fluid is feen by the 
prime conductor when electrified. | 

A conduétor electrified by communication, 
_parts with the whole of it’s electricity at once to 

any conduéting fubftance, (that communicates 
with the earth,) when brought in contact withit ; 
or a conductor cannot be electrified while it com- 
‘Municates with the earth, becaufe all the elec- 
tricity 
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tricity is carried off by the communication. 
Whereas under the fame circumitances an excited 
electric lofes it’s electricity only in thofe parts, 
which are near the conducting fubflance, or to 
which it is applied. 


Experiment.—To illuftrate this pofition, 
bring any conducting fubftance, that communi+ 
cates with the earth, in contact with the prime 
conductor, and it will immediately deprive it of 
all the_ electricity it had a¢quired; but if the 
fame conducting fubftance is brought near the 
excited glafs cylinder, it will only take off a 
portion of the electric matter from that part to 
which it is applied. 


Some conducting fubftances are more perfect 
than others. 


ExperiMent.—The fluid will pafs more rea- 
dily over a metal rod, than one of wood. 


Among conductors, metals are the moft per- 
fect; fealing-wax, rofin, and glafs, are amongit 
the beft non-conductors. A lift of conducting. 
fubftances will be given in this work. 

_ The eleétric fluid may be excited by friction, 
by heating and cooling. 
B 3 EXPERIMENT, 
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_Exrerrment.—In working the electrical 
machine, this fluid is excited by fri@ion. The 
Tourmalin ftone is excited by increafing or 
diminifhing it’s heat. ‘ | 


Or ExciTaTION, AND .OF THE CONTRARY — 


STATES OF THE ELectric FLvip. 


The excitation produced by rubbing of elec- 
trics againft each other is very {mall. 


Experiment.—Rub two pieces of glafs, or 
{ealing-wax, together, and only a {mall as aa 
of electricity will be obtained. 


It is therefore neceffary, that the rubber 
fhould be a conducting fubftance, and that it 
fhould not be infulated. 

Only a {mall quantity of electricity can be 
sproduced, when the rubber and conductor of 
an electrical machine are both infulated. 


EXxrERIMENT.— Take off the chain, which is 
generally fufpended from the cufhion to the 
table; turn the machine, and you will find lefs 
electricity than when the cufhion or rubber 
communicated, by the chain, with the earth, 

: If 


s 


4 
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* If the rubber of an electrical machine be in- 
fulated, and the conductor uninfulated, or made 
te communicate with the earth, by hanging a 
chain from it; on turning the cylinder, the 
rubber will be ftrongly electrified, and will at- 
tract and repel light bodies, and exhibit the 
fame general appearances as the prime con- 


ductor. 


Exprrtment.—Connect an infulated con- 
ductor with the rubber, place another before 
the cylinder, and both will be electrified. 


The conductor which is electrified by the 
cylinder will attract thofe bodies, which are 
repelled by the conductor that is connected with 
the cufhion, and vice verfa. 

If thefe conductors are brought near each 
other, {trong fparks will pafs between them. 

If they be brought into conta&, (or if they 
are connected together by a chain,) the electri- 
city of one will deftroy that of the other; and 
though the fluid may be feen to circulate round 
the cylinder, yet the two conductors, when thus 
conjoined, will exhibit few or no figns of elec- 
- tricity. 

From thefe experiments it may be inferred, 
PBs that 
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that there are two powers in electricity, the 
one termed pofitive electricity, the other negative 
electricity ; that thefe powers may be rendered 
evident to the fenfes when they are feparated; and 
that they counteract each other when united, 
the one deftroying the effects of the other. 

To render this pofition more clear, we fhal} 
re-confider the foregoing experiments on the 
two conductors, comparing them with fimilar 
experiments on two conductors electrified with 
the fame power. Electrify two conductors. 
equally, by placing them before the cylinder, 
(that is, electrify both pofitively,) and the fol- 
lowing obfervations may be made: 1. That 
what is attracted or repelled by the one, 1s alfo 
attracted and repelled by the other; whereas, in 
the foregoing inftance, what the one attracted, 
the other repelled. 2. That no fparks will pafs 
between two condu€tors equally electrified with 
the fame power, though they will pafs continu- 
ally between two electrified with different pow- 
ers. 3. Connect the two conductors that are 
before the cylinder, and fparks may be taken 
from them, which cannot be done from the 
others when they are united. : 

The conductor connected with the cufhion, 
is faid' to be negatively electrified. 


The 
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_ The conductor placed before the glafs cylin- 
der is faid to be pofitively electrified.* 

Thefe experiments, if the rubber be infulated, 
may be eafily exhibited by one conductor, by 
means of the two directors with glafs handles, 
that are defcribed in the chapter on medical 
electricity. Take off the chain from the 
cufhion, and connect a director with it by a 
wire or chain, and connect another direétor 
with the prime conductor; turn the cylinder, 
and on bringing the directors near to each other, 
{parks will pafs from the one to the other; the 
one will alfo attract what the other repels, and 
when brought into contact, neither of them will 
exhibit any figns of electricity. 

The electricity produced by the excitation of 
glafs, is called pofitive electricity, fometimes 
vitreous. 


The 


* Hence every eleétrical machine, with an infulated 
rubber, may be confidered as a¢ting in a threefold manner. 
3 1. Asa machine producing negative electricity 3 by con- 
neéting the prime condu@tor to the earth by a chain, and 
taking the fluid from the cufhion or rubber. 

2. Asa machine producing poftive eleétricity. To effect 
this, make the rubber communicate with the ground by a 
_ chain, and take the fluid from the condu€or. 

3. As communicating the a€tion of both powers at onces ». 
In this cafe, the rubber and conduétor mutt both be infula- 
ted, and the fubftance to be eleétrified placed between two 
directors conneCted with them, | ; 
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_ The electricity produced by the excitation of 
fealing-wax, or rofin, is called negative, o¢ 
rofinous. : 


ee eD 


Or EvectricaL ATTRACTION AND ReEPuLsion. 


If two bodies be electrified, both pofitively, 
or both negatively, they repel each other. 

If one be electrified pofitively, the other nega~ 
tively, they attract each other. 
, A body not at all electrified will be acteugea 

by thofe which are electrified, either negatively 
or pofitively. 


ExpertMent.—Electrify a pair of infulated 
pith balls pofitively, and they will repel each 
other. 

ExprriMent.—Electrify a pair of infulated 
pith balls negatively, and they will repel each 


other. 
ExpertMENT.—A pair of infulated pith balls 


¢lecirified pofitively, will attract a pair that are 
electrified negatively. | 
ExperiMEent.—A pair of infulated pith balls 
electrified negatively, are attra€ted by excited 
glafs, and repelled by excited wax; and the con- 
trary: for if the balls are udatifed pofitively, 
they will be repelled by excited glafs, and at- 


tracted by excited wax, 
| Expr- 
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ExperiMent.---A pair of infulated balls in 
their natural ftate are attracted both by excited 
glafs, and excited wax. 


The repulfion of balls electrified pofitively is 
deftroyed by the application of an equal degree 
of negative electricity. 


ees SEED 


ExpeRIMENT.---Electrify two pair of infu- 
lated pith balls equally, but one with pofitive 
electricity, the other with negative; bring the. 
cylinders by which the balls are fufpended in 
contact, and the balls will immediately clofe. 

Exprriment.—--Electrify two pair of infulated 
pith balls equally with pofitive electricity, bring 
the cylinders by which they are fufpended in 
contact, the balls will remain unaltered. 


From ‘thefe experiments it may be inferred, 
that in the- natural ftate of electricity the two 
powers are always united ; that they only become 
vifible by their feparation, and that when fepa- 
rated they manifeft themfelves by thofe appear- 
ances which we term electrical. It is highly 
probable, that the general phenomena of nature 
are carried on by thefe powers when united, and 

: | the 
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the more particular phenomena, or difeordant 
hetes in the great fyftem of the univerfe, are 
occafioned by the action of thefe powers when 
-feparated, and their conftant tendency to unite. 
Be this as it may, the foregoing pofitions. will , 
be found to illuftrate all the experiments on 
electric attraGtion, from which we have felected 
the following, as fome of she moft pleating. 


 Experimenr.—Light feathers, hair, &c. | 
connected with the conductor, are, when elec- 
irified, attracted by any non-electric body. 

ExpERIMENT.—The hair of any perion that 
is electrified becomes repellent. 

iixprrimMent.—Downy feathers, bits of leaf 
gold, paper images, and other light bodies. 
brought near the conductor, are firft attracted, 
and then repelled. 

EXPERIMENT.— The two outfide bells, fig. 
‘17, communicate by a chain with the conductor ; 
the middle bell and the two clappers are fuf- 
pended by filk, which is a non-conductor. 
_ The eledtric fluid paiies from the conductor to — 
the outfide bells, thefe attract the clappers and 
impart ele€ricity to them, which they in their 
turn communicate to the middle bell, from 
whence it is conveyed by a chain tothe earth. 

, The 
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The clappers, in receiving and communicating 
the fluid, are alternately attracted and repelled.- 


Thofe fubftances that are brought within the 
influence of ele€rified bodies, become poffeffed 
of a contrary electricity ; or, bodies, which are 
immerged in an electric atmofphere, always be- 
come poffeffed of an electricity contrary to that . 
of the body in whofe atmofphere they are im- 
merged. 


ExprertMentT.—Bring a conductor (without 
pointed wires) near to the glafs cylinder, whilft 
the machine is working. If the conductor be 
not infulated, it will be negatively electrified, 
till itis brought fo near as to receive {parks 
from the cylinder. If the conductor be infulated, 
it will, in the fame fituation, be electrified nega- 
tively in the parts neareft the glafs cylinder, and _ 
pofitively in the parts more remote; as may be 
feen by bringing a glafs tube, which is pofitively 
electrified, near a ball which is fufpended from 
the conductor. 


’ Or Exvecrririep Points. 


The electic fluid appears as a diverging ftream 
darting forwards into the air from a pointed 
body pofitively electrified. 
3 ft 
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_ It appears as a little globular ftar on a point 
negatively electrified. 


@ Expertment.—Thefe appearances are to be 
obferved in a dark room on the extremity of a 
pointed wire fixed upon a conductor pofitively 
or negatively electrified; or on a wire held in 
the hand, and prefented to a pofitively or nega- 
tively cleétrified conductor. 7 

-Expreriment.—Thefe phenomena are beau- 
tifully exhibited by the luminous conduétor. 


- Acurrent of air is occafioned from an ele¢tri- 


fied point. 


ExprriMEnt.—Place a pointed wire in the 
conductor, and hold the hand over it when the 
machine is in ation, a very fenfible wind wll be 
felt by the hand. 

ExPERIMENT.—Stick feveral pieces of paper 
or card like vanes in a cork, through the center 
of which a needle or fteel pin paffes, fufpend the 
whole by a magnet, prefent one of the vanes to 
a pointed wire inferted in the conductor, and 
they will be put in motion by the current occa- 
fioned by the point, and will turn with rapidity. | 

A pointed wire placed on or brought near to 
an electrified conductor, gradually and filently 
diffipates the electric fluid. | ’ 

C 
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It is to be obferved here, that if the point be 
brought within certain limits, it will not dif- 
charge the conductor inthe manner exprefied 
in the foregoing pofition, but by a fucceflion of 
{mall explofions very quickly following each 
other, which leads to the following pofition. 


Ifan electrified point be fituated in fuch cir- 
eumftances as to caufe-the fluid to accumulate 
on the conductor; or, in other words, if it be 
fo fituated, that the power of the fame name with 
that of the condu€tor cannot be readily difcharged 
from it, it will then receive the electricity from 
the conductor in the form of a ftrong fpark. 


ExpErIMEnt.—Place a pointed Wire on the 
end of a fpiral tube, and it will take a fpark. 


Or tHe Leypen Pura. 


A glafs jar or phial coated on both fides (ex- 
cept about two inches from the top) with tinfoil 
-or any other conducting fubftance, is called the 
Leyden jar or phial. 

If one fide of this jar is electrified, while the 
other fide communicates with the earth, it is faid 
to be charged. 


If a communication is formed from one fide 
of the jar ta the other (by a conduéting fub- 


{tance) 


16 AN ESSAY ON ELECTRICITY. 


fiance) after it has been charged, an explofion 
will be heard, and the jar is faid to be difcharged. 

A Leyden phial cannot be charged when it is 
infulated ; that is, when neither fide communi- 
¢ates with the earth. 

As the apparatus reprefented at fig. 49, sae 
II. is the moft ready, and beft adapted for il- 
luftrating the phenomena of the Leyden phial, 
we fhall confine ourfelves principally to it in 
this part of the prefent Summary. 


EXpERIMENT.—screw the phial with the belt 
on it’s infulated ftand, as at fig. 48; bring the 
coating in contact with the conductor, turn the 
machine flowly, and after a few turns remove 
the phial from the conductor; then form a 
communication between the outfide and the in- 
fide of the phial, by placing one end of the dif- 
charging rod firft upon the coating, and then 
bringing the other end of the rod to the brafs 
ball of the bottle; there will be no explofion, 
the bottle not being charged becaufe both fides 
were infulated. 

~ Expertment.—Hang a chain sae the brafs 
ball of the phial to the table, then bring the 
coating in contact with the conductor, and after 
afew turns of the machine remove the phial as 


before ; then apply the difcharger, an explofion 
| will 
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will be heard, and the bottle will be difcharged ; 
for in this cafe, the infulation of the infide is 
deftroyed by the chain, and. the phial becomes 
capable of receiving a charge. 

As much of the electrical fluid is thrown off 
from one fide of a jar when charging, as is com- 
municated to the other, 

EXxPpERIMENT.—Place the coating of the jar, 
fig. 48, in contact with the conductor, and the 
‘nob of another equal fized Jar (as L, fig. 49,) 
yn contact with the knob of the firft; turn the 
machine a few times, then remove the jars from 
each other, and from the conductor; apply a 
difcharger, as before directed, firft to the one, 
‘then to the other, and you will find them both 
equally charged ; the infide of the fecond phial 
having received from the infide of the firft, as 
much of the fluid as the outfide thereof received ° 
from the machine. | 


When a Leyden phial is charged, the two 
fides thereof are in contrary ftates; that is, the 
one is pofitively, the other negatively electrified. 


ExperIMen?.—Charge the jar, fig. 48, by 
bringing the coating in contact with the con- 
3 G ductor, 
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ductor, and letting a chain fall from the ball to 
the table. When it is charged, remove the jar | 
from. the conductor, and the chain from the | 
knob. The coating of the, jar will electrify a 
pair of infulated pith balls pofitively, and the 
-knob will electrify a pair negatively; evincing 
that the infide and outfide of the jar are in con- 
trary ftates. : 

Reverfe the foregoing experiment, by bring- 

ing the knob of the jar in contact with the con- 
ductor, and letting a chain fall from the, outfide 
coating tothe table; charge the jar, and remove 
the chain, the coating will now electrify the 
infulated pith balls negatively, and the knob will 
electrify them pofitively. 
Experi mEeNT.—Charge the jar, fig. 48, pofi- 
tively ; connect a director with the chain from 
the coating, and bring the ball of the director 
towards the knob of the bottle; a cork ball, or 
an artificial fpider, fufpended by a filk ftring, 
will play between the two balls till the bottle is 
difcharged, carrying the Suid from one to the 
other, till it has reftored the equilibrium. 


A jar is faid to be pofitively electrified, when 
the infide receives the fluid from the conductor, 
and the outfide is conneGted with the earth. 


It. 


v 
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It is faid to be negatively electrified, when 
the outfide receives the fluid from the condutor, 
and the infide communicates with the earth.* 


The contrary ftates of the Leyden phial fhewn 
by the charge and difcharge thereof. 

Expertment.—Take two bottles of the fame 
fize, as H and I, fig. 49, charge both pofitively, 
and connect the coatings of each, as in fig. 43, 
bring the two knobs together, and no explofion 
will take place, and the bottles will not be dif 
charged ; becaufe the infide and outfide of each 
bottle is in the fame ftate, or endued with a 
power of the fame kind, and have therefore no 
tendency to unite. The fame happens if both 
are charged negatively. 

ExpeRIMENT.—Charge one pofitively, the 
other negatively; then on bringing the knobs 
together as before, an explofion will take place, 
and both bottles will be difcharged; in this the 
powers on the infide and outfide of each bottle 
were of different kinds, with a ftrong tendency 
to unite. 


ee es 


aa : In 
* It is neceflary that a jar charging negatively fhould be | 
-infulated, becaufe the fluid is, in the firft inftance, con- 
veyed to the coating, and would, if un-infulated, be immedi- 
ately carried to the earth. | 


25 Oe 
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In the foregoing experiments it will be found 
very convenient for the difcharge of the jars, to 
fcrew the wire K or L into the hole at the top of — 
the infulating pillar; as the coating of the 
moveable jar may be placed on this wire, and it’s 
knob be eafily brought to touch the infulated 

1 the Reet 

The contrary ftates of the fides of a Leyden 
phial may be exhibited by the appearance of 
the electric light, or pointed wires connected 
with the coating, or balls of the bottle; and 
alfo by the different appearance thereof in vacuo. 

_ But for thefe we fhall refer the reader to the 
_ following Eflay, as the foregoing experiments 
are fufficient to prove the fact. } 

The charge of a coated jar refides in the glafs, 
and not in the coating. 

ExperimMent.—Let a plate of glafs be placed 
between two metallic plates, about two inches in. 
diameter, fmaller than the plate of glafs; charge 
the plate of glafs, and then remove the upper 
metallic plate by an infulated handle; take up 
the glafs plates, and place it between two other 
plates of metal unelectrified and infulated, and 
the plate of glafs thus coated afrefh will fill be _ 
charged. 


bain | The 
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The paffing of the electric fluid from one fide 
of a charged jar to the other, is apparently in- 
itantaneous, through whatever length of a me- 
tallic or other good conductor it is conveyed. 


ExpsrIMentT.—Let any number of perfons 
make a part of the circuit of communication, 
and the fluid will pafs inftantaneoufly through 
the whole. : 


‘The difcharge of a charged jar gives a painful 
fenfation, called the electric fhock, to any animal 
placed in the circuit of communication. 

If the circuit be interrupted, the fluid will 
become vifible ; and if refifted in it’s paflage, 
~ will leave an impreffion upon the intermediate 
or refifting bodies.* 


Expertment.—Let the fluid pafs through a 
chain, or through any metallic bodies, placed 
at {mall diftances from each other ; the fluid, in 
a dark room, will be vifible between the links 
of the chain, or between the metallic bodies. 

ExprrimMent.—lIf the circuit be interrupted 
by feveral folds of paper, a perforation will be 
made through it, and each of the leaves will be 


AAR: pro- 


* Enfield’s Inftitutes of Natural Philofophy 
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protruded by the ftroke from the middle to- 
wards the outward leaves. 

ExpertMEent.—If {pirits of wine, or gun- 
powder, be made part of the circuit, it will be 
fired. . 


“The force of an electric charge does not de- 
pend on the fhape of the charged furface. 

Let the fame quantity of coating be placed 
upon a jar, and upon plate of glafs, the effect 
will be found to be nearly the fame in each. 

When the furfaces of an electric’ jar are 
charged with a certain quantity of the two pow- 
ers, itisobferved, that no additional electricity 
can be communicated to them, however great 
an excitation is applied for that purpofe. 


‘ 


Or tHe Execrric Barrery. 


The force of the electric charge may be in- 
creafed, by augmenting the furface of coated 
glafs. 

The ufual method of el sig’ is to 
form a communication between the infide of a 
number of coated glafs jars, and another com- 
munication between the external coating; jars 
fo difpofed are calle an electrical battery. 

_ Fine 
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A dee 


Fine metallic wire may be melted by a bat- 
tery, fmall animals may be killed, thick pieces 

of glafs be thattered to pieces, and other curious 
effects produced, the greater part of which are 
defcribed in the courfe of this Effay. 

The eleétric fluid and lightning are the fame 
fubftance.. | 7 | 

Their properties and effects are the fame; 
flafhes of lightning form irregular lines in the | 
air; the electric fpark, when ftrong, has the 
fame appearance. Lightning ftrikes the higheft 
and moft pointed objects, takes in it’s courfe 
the beft conducters, fets fire to bodies, melts 
metals; in which, and many other particulars, 
it agrees with the phenomena of the electric 
fluid. Laftly, the lightning being brought 
from the clouds to an electrical apparatus, will 
exhibit all the appearance of the electric fluid. 

It is fuppofed that buildings may be fecured 
from the effects of lightning, by fixing a pointed 
metallic rod higher than any part of the build- 
ing, and continuing it, without interruption, to 
the ground or neare{t water. 

The experiment moft generally ufed to illuf 
trate this pofition, is that of the thunder-houfe, 
which is a board fhaped like the gable end of a 
houfe, and fixed perpendicularly upon an hori-. 

C4 zontal 


24 AN ESSAY ON ELECTRICITY. 


zontal board; in the perpendicular board a 
_ {quare hole is. made, into which a fquare piece of 

wood is to be fitted, fo that it may eafily fall out 
of it’s place; a wire is fixed diagonally into this 
_ {quare piece; another wire, terminated with a 
brafs ball, is faftened to the upper part of the 
perpendicular board, with it’s ball above the 
board, and it’s lower end in contact with the 
diagonal wire; in the {quare piece of wood, a 
communication is continued from the other end 
of the diagonal wire, by.a wire to the bottom 
of the perpendicular board. If the wires; in 
' this ftate, are made part of a circuit of com- 
munication, on difcharging the jar, the fquare 
piece of wood will not be difplaced ; but if the 
communication be interrupted by changing the 
direction of the diagonal wire, the fquare piece 
of wood will, on the difcharge, be Sen i out 
of it’s place. See fig. 68. 

If, inftead of the upper brafs ball, a pointed 
wire: be placed above the perpendicular board, 
the difcharge may be drawn off without an €x- 


| phen, 


Or a Prate or Arr. 
As the air is an electric, it will receive a 
charge, and give a fhock like any other electric 
fubftance. < 


This 
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_ This is effected bh means of two large boards, 
covered with tin foil, the one connedléd with 
the conductor, the other placed parallel to it on 
an infulated ftand; thefe boards may be con- 
fidered as the coatings to a plate of air; and if 
a communication be formed between them by 
touching the uninfulated beard with one hand, 
and applying the other hand to the conductor, 
the fhock will be felt. See Nicholfon’s In- 
troduction to Natural Philofophy. 

* A great part of the electric phenomena, 
are the confequence of the air being thus 
charged. Thus the prime condu@or imparts 
it’s electricity to the furface of air immediately 
contiguous to it, and when the {park is drawn, 
the difcharge is made to the non-electrics in the 
room, which are in contact with the oppofite 
furface. 

*« It is a confequence of the air being charged, 
that brodd non-electric furfaces draw large {parks 
_ from the conductor, for the fparks are the dif- 
charges of a large plate of interpofed air; a lefs 
furface will draw a lefs fpark, becaufe the fame 
machine difcharges lefs furfaces higher than. 
greater; the fpontaneous difcharge through the 
body of the electric air, will be made at a greater 
diftance of the furfaces; that is to fay, the 

{parks 
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{parks will be longer. If the furface of the pre- 
fented plate be ftill fmaller, the fparks will alfo 
be fmaller, and emitted to a greater diftance; 
and if the furface be indefinitely fmall, or in 
other words, if the non-eleétric be pointed, the 
{park may be fo {mall as to be invifible, and the 
diftance to which it can be emitted, may be un- 
limited.” 


Or MepicaL ELectTRICcItTy. 


The fatisfactory experiments that have been 
made on this head, by fome of the firft charac- 
ters in the medical line, particularly at St. Tho- 
mas’s Hofpital, by Mr. Birch, have eftablithed 
the reputation of electricity in medicine, as they 
have clearly proved, that when ufed by the 
fkilful, it is as certain in it’s effects as any me- 
dicine in the whole materia medica, and more 
extenfive in it’s application. . 

In medicine, it has been very judicioufly 
confidered as a€ting under three forms. 

. The fluid, which may be confidered z as 
A 

2. The fpark, or friction, which may be 
ranked under the title of a {timulant. 

3- The foock, which may be confidered as a 


powerful deobftruent. 
The 
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The fluid may be thrown upon or extracted 
from the patient. 

This is always beft effected by a wooden 
point. | 

1. Infulate the patient, and connect him 
with the pofitive conductor; then ptefent the 
wooden point of the director towards him, and 
it will gradually draw the fluid from him. 

2. Let the patient communicate with the 
ground, and connect the metal part of the direc- 
tor with the pofitive conductor, and the fluid 
will be'gently thrown upon the patient. | 

3. Connect the infulated patient with the 
cufhion, then he will receive the fluid from the 
director held in the hand. 

4. Connect the director with the cufhion, and 
the fluid will be extracted from the patient. 


Of the electric fpark, or friction. 


What has been faid with refpect to the fluid, 
is equally applicable to the electric friction ; only 
here the point is tobe unf{crewed from the direc- 
tor, and the brafs ball {crewed on in it’s ftead. | 

In the friction, the part fhould be covered 
with woollen cloth or flannel, and the brafs ball | 
is to be applied clofe to the flannel; but in 
taking fparks, it is to be removed alittle dif- 


tance from the body. 
To 
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To increafe the denfity of the flutd or fpark. 


Fix the medical bottle to the conductor, let 
_acchain fall from the hook at the bottom thereof 
to the table, place the electrometer on the con- 
ductor, (as it is reprefented in the frontifpiece 
to this work,) let the ball of the electrometer be 
placed at fome little diftance from the conduc- 
tor, and then connect your director, by means 
of awire, with the exterior ball of the electro- 
meter ; after this preparation, you may turn 
the machine, and when the fluid has attained 
- fufficient force to pafs from the conductor to the 
ball of the electrometer, you may apply the 
director to the patient, who will receive a denfe 
f{tream therefrom ; the machine to be kept turn- 
ing during the operation. Or, connect an in- 
fulated patient with the electrometer, and then, 
on applying the director to him, you will ex- 
tract a.denfe {tream from him. 

N. B. Whenever the director is ufed without 
being connected with the conductor or cufhion, © 
the hand fhould communicate with the brafs 
part thereof. 


To pafs a flream of the eletiric fluid through any 
part of the body, without giving the foock. 

1. Conne& one director with the cufhion, and 
another with the conductor; place the part, 
through 


{ 
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through which you want the ftream to pats, 
between the directors. 

N. B. The denfity of this ftream is aug- 
mented, if the bottle is fufpended agreeable to 
the directions in the preceding article, and one 
director joined to the electrometer. 

2. Infulate the patient, and apply a director 
that communicates with the conductor, (or 
with the eletrometer and bottle,) to one part, 
and a brafs ball to the other. | 


To give the foock. 

Sufpend the bottle from the condu&or, put 
the electrometer in it’s place, (fee the plate that 
faces the title-page of this work,) and remove 
the inner ball a {mall diftance from the conduc. 
tor ; then connect one direGor by a wire with 
the hook at the bottom of the bottle, and the 
other with the exterior ball of the electrometer: 
- the part through which the fhock is to pafs, 
muft be placed between thefe balls; there will 
be a fhock every time the fluid has acquired 
fufficient force to pafs from the conductor to 
the electrometer. 


To give a quick vibratory fenfation, not fo pungent 
as the foock, though ftronger than ihe /park. 

The directions in the preceding article apply. 

_ immediately to ee prefent, with only this dif- 

| " ference, 
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ference, the ball of the electrometer may be re- 
moved further off, and the long wire is to Be 
taken out of the tube of the boris. 


Or ArmospHERIc EvectRIcITY. 


The atmofphere is always electrified, fome- 
‘times negatively, but moft commonly. with 
pofitive electricity. In ferene weather, the 


é 


electricity is always pofitive, and the. quantity 
is proportional to the quantity of moifture. 

Hail is always accompanied with electricity. 

Rain generally fo. 

Low and thick fogs ftrongly electrical, though 
generally more fo after a froft. 

In fummer, the electricity of the atmofphere 
is very weak; it grows ftronger at fun-rife, and 
increafes in ftrength with the elevation thereof; 
at fun-fet it again becomes weaker. — 

Impetuous winds generally leffen the force 
of the atmofpheric electricity. 

A ftrong electricity often rifes with the. 
dew, particularly if the feafon is coid, the ty 
clear, and very little wind. 


Or a Vacuum. 
Air rarified to a certain degree, permits the 
electric fluid to pafs eafily through it. 
Pint As 


t 
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As the air is a non-conductor, it refifts the 
motion of the electric fluid ; therefore, the re. 
moval of it facilitates the effort this fluid makes 
to efcape from the fubject on which it is thrown; 
at the fame time it is highly probable, that it is 
by means of the vapour which expands itfelf 
_when the preffure of the atmofphere is taken 
off, that the electric fluid is conducted through 
the vacuum; for there is reafon to think, that 
electricity always requires a conductor, to make 
it pafs from one_body to another; and this is 
. further confirmed by thofe experiments, which 
fhew that a more perfect vacuum of air. isa non- 
conductor. 


ee ee 


ExpertMent.—Let a vacuum be made part 
of the circuit in difcharging a Leyden phial. 

ExperIMENT. — Let a jar be charged in 
vacuo. 


CHAP. 


* 
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CoH ACP) Or. 


Or Evectricity IN GENERAL.—Or Tue Distinc- 

“pron Between ELectTRICS AND NON-ELECTRICS. 
‘_A CaTaLocue or ConpucTING SuBSTANCEs; 
—THE ANALOGY BETWEEN ELECTRICITY AND 
Fire. 


T mutt appear furprifing to every fearcher - 
after truth, that electricity, which is now 
allowed to be one of the principal agents em- 
ployed in producing the phzenomena of nature, 
fhould have remained fo long in obfcurity ; for, 
comparatively {peaking, it’s exiftence was not 
known tothe ancients. They werenot, indeed, 
altogether ignorant of the peculiar properties of 
thofe bodies that we now term e/eérics ; never- 
thelefs their knowledge was. circumferibed, 
being confined to the obfervation only of thofe 
phenomena which nature prefented to their 
fenfes, in the ordinary courfe of her operations ; 
hence near two thoufand years elapfed, before 
any addition was made to the little which was 
known to Theophraftus, and this. branch of 
natural hiftory remained uncultivated, till the 
happy period arrived, when the philofopher was - 
emanci- 
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emancipated from the chains of hypothetic rea- 
foning, and the uncertainties of vague conjec- 
ture. oy 
‘The exiftence of this fubtle, and in moft cafes 
invifible power was then traced, and many of 
it’s properties developed; it’s agency was dif- 
covered to be univerfal, and it’s extent unli- 
mited. , 

It muft be evident indeed, even to a fuper- 
ficial obferver, that electricity is no trivial or 
confined fubject ; becaufe there is no body in 
nature that 1s not acted upon ina greater or lefs 
degree by this important agent. | 

The importance of the electric fluid in the 
fyftem of the world, is confirmed by a confidera- 
tion of thofe phenomena in which it is con- 
cerned, and which take place without the con- 
current operation of man. | 

‘Thus feveral fithes poffefs the property of 
giving the electric fhock. The torpedo, and. 
one or more fpecies of eels, from Surinam, if 
touched by the hand,.a metal rod, or any other 
conductor, give a confiderable fhock to the arm, 
but may be fafely touched by a bit of fealing- 
wax. The fhock depends on the will of the 
fifh, and is tranfmitted toa great diftance; fo 
that if perfons-in a fhip happen to dip their 
fingers or feet in the fea, where the fith is fwim- 

| D | ming 
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ming at the diftance of fifteen feet, they will be 
affected therewith. 

Many diforders of the bone frame have 
been cured or relieved by electricity; new 
action has been given to deficient powers, and 
the terrors of the knife been Riga: pre- 
vented. 

But the moft remarkable appearances. of clec- 
tricity, which are viewed with furprize by dll 
ranks of people, are thofe which may be termed 
atmofpherical, as exifting in, or depending on, 
the ftate of the atmefphere. Lightning is proved 
to be an electric pheenomenon, and there is little 
doubt but that the aurora borealis, whirlwinds, 
and water-fpouts, depend on the fame principle. 

“ Flectricity has one confiderable advantage over 
mofi other branches of {cience ; it furnifhes 
matter of entertainment for all perfons promi: 
cuoufly, while it is a fubject for fpeculation to 
philofophers. Neither the air-pump, nor the 
orrery ; meither experiments in hydroftatics, 
optics, or magnetifm ; nor thofe in all other 
branches of natural philofophy, ever brought to2 
gether fo many or fuch great concourfés’ of 
people, as thofe of electricity have done‘fingly.” 

<‘ If we only confider what it is in objects that 
_ makes them capable of exciting that ipleafing — 
aftonifhment, which has fuch charms for‘ all 

mankind, 
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mankind, we fhall not wonder at the eagernefs 
with which perfons of both fexes, and of every 
age and condition, run)to fee electrical experi~ 
ments. Here we fee the courfe of nature to all 
appearance entirely reverfed in it’s moft funda= 
mental laws, and by caufes feemingly the flighteft 
imaginable: and not only the greateft effects 
produced by caufes which feem to be incon- 
fiderable, but by thofe with Get they feem to 
have no conneétion.” 

Here we fee, contrary to the ptinciples of 
gravitation, bodies attracted, repelled, and 
held fufpended by others, which are feen to 
_ have acquired that power by nothing but a very 
flight friction! Here we fee a piece of cold 
metal, or even water, orice, emitting ftrong 
{parks of fire, fo as to kindle many inflammable 
fubftances! Again, what can feem more mira- 
culous, than to find that a common glafs jar : 
fhould, after a little preparation, be capable of 
giving a perfon fuch a violent fenfation, as 
nothing elfe in nature can give, and of even de- 
Mtroying animal life; and that this fhock is 
attended with an explofion like thunder, and a 
flafh like lightning! 

As electricity is in it’s infancy, when confider- 
ed as a fcience, it’s definitions and axioms can- 
not be ftated with geometric accuracy. I fhall 

D2. endeavour 


\ 
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endeavour to avoid, as much as poffible, the ufe 
of pofitive expreffion, in order to invite the 
reader to examine the experiments himfelf, to 
compare them one with another, and then draw 
his own conclufions ; beginning with thofe ex- 
periments which were the foundation of the pre- 
fent ftate of electricity, and which gave rife to 
the principal technical terms made ufe of inthis — 
{cience. : 


Experiment 1.—Rub-a dry glafs tube with. 
a piece of dry filk, and it will thereby be elec- 
irified; prefent light bodies, as feathers, pith 
balls, &c. to it, they will be attracted, and 
then repelled. 

A piece of black or oiled filk, on whieh 2 
dittle amalgam has been placed, makes the beft 
rubber for a {mooth glafs tube: foft new flannel 
fucceeds well with fealing wax. 


EXPERIMENT 11.—Rub a dry ftick of fealing- 
wax, it will firft attract and afterwards repel 
thofe light bodies that are brought near to it. - 


The friction in the two preceding experiments 
has put in a€tion an agent, or power, which at- 
tracts. 
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tracts and repels light bodies; this power is 
called electricety. 

A certain quantity or natural fhare of the elec- 
tric fluid, is f{uppofed to be difleminated in all 
bodies, in which ftate it makes no impreffion on 
our fenfes; but when, by the powers of nature 
or art, this equilibrium is deftroyed, and the 
agency of the fluid is rendered vifible to the 
fenfes, then thofe effects are produced which we. 
term electrical, and the body is faid to be elec~ 
trified. — | 

Any fubftance, that is made by friction to 
exhibit electric appearances, is faid to be excited. 

Amber, filk, jet, dry wood, and a variety of 
other fubftances, being excited, attract and re- 
pel light bodies ; thefe are called elefrics. Such 
{ubftances, as metals, water, &c. the f rictionof 
which will not produce this power of attraction 
and repulfion, are called non-elefrics. 

When the excited glafs tube, or ftick of feal- 
ing wax, is in good order, and the particles of 
ele€tricity are fufficiently united to act on the 
organs of vifion; pencils of light, or flafhes of 
divergent flame, will dart from the tube in @ 
beautiful manner, attended with a crackling 
noife, which will be heard on the approach of 
any conductor. The matter caufing this light 
and found is what is meant by eleétricity. 

Bay NS AEC TELCAEY: 
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Electricity is often excited by other caufes as 
well as friction. ‘Thus it may be produced by’ 
heating or cooling of fome fubftances, by-blow- 
ing of air violently on a body, &c. nay, it is 
probable, that whatever removes the ftratum of 
- air from the furface of any body, or influences 
the cohefion of it’s parts, will difturb the elec- 
tric fluid. 

The difcharge of large cannon, and the ae 
ing up of powder magazines, has been known 
to electrify glafs windows. 


EXPERIMENT 111.—Let a metallic cylinder 
be placed upon filk lines, or upon glafs, bring 
-an excited electric near to it, and every part of 
the metallic cylinder will attra@ and repel light 
bodies, as forcibly as the excited electric itfelf. 


Ex PERIMENT IV.—Support a dry glafs-rod on 
filk lines, or by glafs, bring an excited eleétric 
near it, and no attraction or repulfion will take 
place; becaufe the electricity cannot be tranf{- 
mitted through it. | 

From thefe experiments is deduced the dif. 
tinction between thofe bodies which produce 
the electric fluid, and thofe which do not: the 
one having the power of tran{mitting this fluid, 
the other poffeffing no fuch power. 


‘ 


Thofe 
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Thofe bodies which poffefs the power of tranf- 
mitting electricity, are called condaZors and non- 
élecirics. | 

Thofe fubftances, which are impervious to 
electricity, are called non-conduGers, or eleGrics. 

-A body which cominunicates with nothing 
but electrics, is faid to be sz/ulated. | 

If all fubftances poffeifed an equal power of 
retaining or parting with the electric fluid, the 
greater part of it’s phenomena would have re- 
mained unknown to us; but, as it paffes readily 
only over the furface of fome fubftances, while 
others refift it’s paflage, or are nearly imper- 
meable to it, we are enabled to accumulate, con- 
denfe, and retain it on the laft, and thus fubject 
it eafily to the teft of experiment. 3 

From the third and fourth experiments we 
learn, that excited ele€trics will communicate 
the electric powers to conducting fubftances 
which are infulated, that thefe will then attract: 
and repel light bodies, &c. fimilar to the elec- 
tric itfelf; with this difference only, that a con- 
ductor, which has received electricity, parts 
with it at once, when it is touched by another 
conductor that communicates with the earth; 
whereas the excited eleGric, under the-fame 
circumftances, only lofes it’s electricity par- 
fially. mi SrA 

D 4. A con- 
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A conductor caunot be eledrified while it com- 
municates with the earth, becaufe the electri. 
city is immediately conveyed away. 

An infulated electrified conduétor will be de- 
prived of it’s electricity, by taking a fpark from . 

any part thereof with an uninfulated conductor: 


ExprertMent v.—Electrify, with excited glafs 
or fealing wax, two infulated cork balls, fuf- 
_ pended by lines about fix inches long, and the 
balls will feparate from and repel each other. 


ExperiMent vi.—= Electrify ove ball with 
glafs, the other with fealing wax, and they will 
be mutually attracted. 


4 : 


Thefe two oppofite and remarkably diftine 
effects in the attractive and repulfive powers of 
electricity, whereby one ad/raé?s what the other | 
repels, were difcovered at an early period of the 
hiftory of this fcience. 
| The electric power produced by the excitation 
of glafs, is called pofitive eleéricity, and the 
power produced by the excitation of fealing 
wax is called uegative eleffricity. This differ- 
_ ence was at firft thought to depend on the elec. 
tric, and it was then fuppofed that the two 

kinds 
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kinds of electricities were effentially difting ; 
Dut it is now known, that each of thefe powers 
may be produced from the excitation of either 
glafs or fealing wax. 

Electricians have been engaged, by the dif. 
covery of the two foregoing diftin¢tions, to ex- 
amine the electric properties of moft bodies, to 
afcertain whether they poffeffed the pofitive or 
negative powers; by this means the catalogue 
of electrics has been confiderably increafed, and 
it was foon found that every fubftance, we were 
acquainted with, had more or lefs affinity mh 
the electric fluid.* 


CATALOGUE oF ConDuctTiInG SUBSTANCES. 


1. Stony Subfiances. 


Stony fubftances in general conduct very well, 
though dry and warm. — 

Lime-ftone and lime juft burnt are cay 
pmperiect conductors. 

' Marbles conduct confiderably better than 
fettone and there is found very little differ- 
ence among any of the fpecimens of marble 
that have been tried. | : 

A large 


* See Dr. Prieftley’s Hiftory. Cavallo on Ele&tricity, 
Marat, Recherches fur l’Ele&ricité, 
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A large piece of white fpar, with a tinge of 
‘ blue and femi-tranfparent, will hardly conduct 
in the leaft degree: pretty {trong {parks may be 
taken from the prime conductor, while it is in 
contact with it. 

A piece of agate, femi-pellucid, receives the 
electric fpark into it’s fubftance ; ; though ir will 
pafs over about three quarters of an inch of it’s 
furface to reach the finger that holds it, and it 
difcharges the battery but flowly. 

A piece of flate, fuch as is commonly ufed to 
write on, is a much better conductor than a 
piece of free-ftone, which conduéts but poorly. 

Touch-ftone conducts pretty well. 

A piece of gypfum and plafter of Paris con- 
ducts very well, only the latter having a fmoother. 
furface takes a ftronger {park. | 

A piece of afbeft from Scotland, juft as it is 
taken from it’s bed, will not conduct. While 
- in contact with the conductor, fparks may be 
taken at the diftance of half an inch with a mo- 
-derate electrification. 

A piece of Spanifh chalk conduéts much like 
marble, 

A piece of Egyptian granite conducts confi-' 
derably better than free-ftone. 


2. Saline 
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2. Saline Bodies. 


Oil of vitriol condues very well. 

The metallic falts in general conduct better 
than any neutrals. | 

Vitriol of copper and of iron conduct very 
well, though they will not tranfmit a fhock. ° 

Vitriolated tartar gives a {mall fhock. 

_ Salt-petre does not conduct fo well as fal- 
ammoniac. If the electric explofion paffes over 
it’s furfacey it difperfes into a great number of 
fragments, in all directions, with confiderable 
violence. « 

Volatile fal-ammoniac gives a fmall fhock. 

Rock-falt conducts, but not quite fo well as 
allum; the electric fpark upon it is peculiarly 
red. 

Sal-ammoniac exceeds rock-falt and allum in 
it’s conducting powers, but will not take the 
leaft fenfible {park ; fo that it feems made up 
of an infinite number of the fineft points. | 

Salenitic falts conduct but poorly. 

By allum the explofion is attended with a 
peculiar hiffing noife, like that of a {quib, 


3. Inflammable Bodies. 


A piece of pyrites, of a black colour, takes 
{parks at a confiderable diftance from the prime 
conductor, 
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condudor, like fome of the inferior pieces of 
Gharcoals | 
Another piece of pyrites, which has been part 
of a regular fphere, confifting of a fhining me~ 
tallic matter, will not conduct near fo well, 
though much better than any other {tony fub- 
ftance. It is a medium betwixt a ftone and 
~ anore. | 
Black-lead in a pencil condu€s a fhock inti 
ingly like metal or charcoal. A {mall lump of 
it takes as full and ftrong a fpark from the 
prime conductor as a brafs knob. 


4. Metals and Ores. 


A piece of gold ore from Mexico is hardly to 
_be diftinguifhed in this refpect from the metal 
itfelf, 

A piece of filver ore from Potofi, though 
mixed with pyrites, conducts very well, 

Two pieces of copper ore, one the moft va- 
_ luable that is known, and another of only half 
the value, are hardly to be diftinguifhed from 
one another in their conducting powers. 

Lapis-hematites conducts pretty well. — 

Black-fand from the coaft of Africa, which 
is a good iron ore, and part of which is affected 
by the magnet as much as fteel filings, is found 

ta 


a 
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to conduct electricity, but not a fhock. Sepa- 
rating with the magnet all that will be eafily 
attracted by it, it conducts a fhock very well: 
the reft would | hafdly condudé at all. 

The ores in which the metal is mineralized 
with fulphur or arfenic, as the ores of lead, tin, 
and cinnabar, the ore of quickfilver, are little 
inferior to gold and filver ore. 

Ores that contain nothing but the earth of 
the metal, conduct electricity little better than 
other ftones. 

Lead, tin, iron, brafs, copper, filver, and gold. 


& Fluids. 


The fluids of an animal body. 

All fluids, excepting air and oils. | 

Fluids appear, in general, to be better con- 
ductors in proportion as they contain lefs in- 
flammable matter. : 

Mr. Cavendifh has fhewn, that iron wire 
conducts about four hundred millions of times 
better than rain or diftilled water; i. e. the 
electricity meets with no more refiftance, in, 
pafling through a piece of iron wire four hun- 
dred million inches long, than through a colamn 
of water of the fame diameter only one inch 
Jong. ~ rey" 

Sea 
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Sea water, or a folution of one part of falt in 
thirty of water, conducts an hundred times, and 
a faturated folution of fea falt feven hundred and 
twenty times better than rain water. 

The effluvia of faming bodies. 

Snow, {moke, the vapour of hot water, the 
vacuum produced by an air pump, charcoal, &c. 


Evectric Boptes. 


Amber, jet, pitch, and fulphur; likewife all 
the precious ftones, as diamonds, rubies, gar- 
nets, topazes, hyacinths, chryfolites, emeralds, 
fapphires, amethyfts, opals, and efpecially tour- 
malins; all refins and refinous compounds, wax, 
‘filk, cotton; all dry animal fubftances, as fea- 
thers, wool, hair; paper, &c. White fugar, 
air, oil, chocolate, calxes of metals, dry vegeta 
bles, &c. 

I do not know whether it is altogether proper 
to add to this lift of electrics, the torpedo and 
Surinam eel, living electrics, whofe electricity 
is put in action by the will of the animal. 

The real and intrinfic difference between elec~ 
trics and non-electrics, remains among the elec- 
tric defiderata; for nothing more is afcertained, 
than that the conducting power, in fome mea- 
fure, depends upon, or is governed by heat. 

Glafs, 
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Glafs, refin, and many other articles, are made. 
conduétors by heat; while on the contrary, cold, 
if not attended with moifture, renders every 
electric fubftance more electric. Ice, cooled to 
13° below o of Fahrenheit’s thermometer, be- 
comes a non-conductor. 

Mr. Achard, of Berlin, has publifhed, in 
Rozier’s Journal de Phyfique, a very ingenious 

paper on this fubject; in which he proves, by 
experiment, 1ft, That certain circumftances 
will caufe a body to conduct electricity, which 
before’ was a non-conductor. 2d, That thefe 
circumftances are the degrees of heat to which 
the body is fubje€ted. ‘There is certainly reafon 
to fuppofe, that the difpofition in metals to 
conduct electricity, depends on the ftate of fire 
within them, and that there is a certain degree 
of heat at which a given body may be at the 
medium, between perfect conducting and non- 
conducting ; and that conduétors are bodies 
whofe clectric {tate does not appear but in a 
degree of cold below the ufual ftate of our at- 
mofphere ; and that eleftrics, to be rendered 
conductors, require a degree of heat much above 
the ufual ftate of the air with us. 


A Lisr 


The back of a cat Pofitive 
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A List or Exectric SugsTaNces, AND OF 
“ THE DIFFERENT E\LECTRICITIES PRODUCED 
BY THEM. 


J Every fubftance with which 
1, it has been hitherto tried. 


{ Every. fub{tance hitherto 
Smooth glafs Pofitive < tried, except the back of 
L a cat. 
Pofitive ) Dry oiled falk, fulphur, © 
metals, 
{ Woollen cloth, quills, wood, 


é 
| | 
Rough glafs < 
| Negative < paper, fealing-wax, white 
c 


L wax, the human hand, 


| Pofitive Amber, air.* 
Tourmalin < PR ACK 

| Negative Diamond, human hand, 

5 | 

¢ ( Metals, filk, loadftone, lea- 

| Pofitive < ther, the hand, baked 
et paper, ba 
Hare's thin < | wood, 
Negative Other fine furs. 


tai filk, metals, black: 


ae 
| Pofitive cloth. 


Sida : Negative mies hand, hair, weafel’s 


fkin. 


* i, e. By blowing with a pair of bellows upon it. By 
this means many eleétrics may be excited, and fome better 


- #f the air blown is hot, although, in both cafes, very little 


els@tricity can be obtained. 
Black 


™ 
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{ Pofitive | Sealing wax. 
Black Glk 2 [ Hare’s, weafel’s, and ferret’s 
| j Negative < {kins, loadftone, brafs, filver, 


L by iron, the hand, 

( Pofitive Metals, 
‘Sealing wax { Hare’ s, weafel’s, and er 3 
! Negative < fkins, hand, leather, wool- 

L L len cloth, paper. 
Baked eee } Pofitive Silk. 

L Negative Flannel, 


Many circumftances, apparently trifling, will 
occafion an alteration in thefe contrary electrici- 
ties. It has been faid, that of two equal fub- 
ftances rubbed together, that which fuffers the 
greateft friction, or is moft heated, acquires the 
negative electricity. Though this in many cafes 
holds true, with refpect to filk ribbons, yet 
Mr. Bergman fays, that if the ribbon A be black, 
it will never become pofitive, unlefs B be black 
likewife. With pieces of glafs the effect is con-_ 
trary; for, if they are both equal, the piece A, 
which is drawn acrofs the piece B, becomes 
negative; and B, which fuffers the greateft 
friction, becomes pofitive. Heating by fire 
produces the fame effect as the greater friction. 

If one piece of glafs be thicker than the other, 
the former becomes pofitive, the latter negative. 

Coloured. glafs, even when heated, becomes 
iB | negative, 
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negative, if rubbed with common white glafs. 


If a piece of blue glafs is rubbed againft a green, : 


one, the blue glafs becomes ftrongly pofitive, 
&c. Bergman, Swedifh Tran. 17665. 
The electricities produced by hair and glafs 
rubbed together feem to ballance each other, and 
are therefore different according to the manner 
of rubbing and the quality of the hair. 
' Hair of a living animal, or hairnewly cut, 
when rubbed with a glafs tube lengthways, is 
pofitive; and here, the glafs, which fuffers the 
ereateft friction, is negative. But if the glafs 
tube be drawn acrofs the amimal’s back,. or 
acrofs a {kain of hair newly cut, the glafs be- 
comes pofitive. Old dry hair, rubbed on glafs 
or on living hair, always becomes negative ; but 
if the hairis a little greafed with tallow, the 
fame effect is produced as with Hine hair. 
Wilke, Swed. Tran. 1769. 
Electrics differ from each other with refpect 
to the facility with which they are excited, their 


force when excited, and the power with which. 


they retain the effects of the excitation. 
Silk feems preferable to any other electric 


fubftance, for exhibiting a permanent and arong 
attractive and repulfive power. 


‘Glafs appears to have the advantage in exhi- 
biting the electric light, thes a _and repulfian 


In, 


Pree 
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in quick fucceffion, in a very Hiporonss though 
not a durable manner. | 

_ Negative electrics, as amber, gum-lac, ful- 
phur, refin, and all refinous fubftances, exhibit 
the electric appearances for the ereateft length 
of time. A fingle excitation is fufficient to 
make them do fo for many weeks, in favourable 
circumftances. They are alfo remarkable for 
the ftrong electric * powers which they commu- 
nicate to conducting bodies that come in contact 
with them, and which they will continue to 
communicate for a confiderable time. 

It may be proper to obferve here, that’ the 
two claffes of ele@trics and non-eleétrics are not 
fo ftrongly marked by nature as to enable the 
electrician to arrange évery fubftance with pro- 
priety: hence the fame fubftance has been 
placed by different writers in a different clafs. 
Befides this, the electric properties of the fame 
fubftance vary on a change of circumftances ; 
thus a piece of green wood is a conductor; the 
fame piece, after it has been baked, becomes a 
non-conductor; charred and formed into char- 
coal, it again conducts the electric fluid ; but 
when reduced to afhes, is impervious to it : 
but further, the diftinctions themfelves are very » 
improper, as every fubftance is to a certain 


degree a conductor of this fluid. 
m2 | What 
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What is Eleétricity2 


That electricity is real matter, and not a mere 
property, is evident from a variety of cireum- 
ftances. When it paffes between bodies, it di- 
vides the air, and puts it into thofe undulations 
which gives us the idea of found. It emits the 
rays of light in every direction, and thofe rays 
are varioufly refrangible and colorific, as other 
light is: and, if light is acknowledged to be 
matter, it is contrary to reafon and experience, 
that the thing which emits it fhould not like-. 
wife be material; ncither are the other fenfes 
unaffected at it’s prefence: it’s {mell is ftrongly 
phofphoreal or fulphureous. The fenfe of feel- 
ing is a witneds of it’s prefence, not only from 
the {parks which, when received from the con- 
ductor of a powerful machine, are pungent, and. 
will pafs through two or three perfons ftanding 
on the ground, but alfo from the thock. A 
ftream of electric matter. has alfo aad a 
fubacid tafte. | 

Though the electric fluid has been known 
and ftudied for many-years, we are altogether | 
ignorant of it’s real effence and nature; to me 
it feems probable, that it is fire or light con- 
nected with fome terreftrial bafe: the analogies 
between the action of cleCricity and fire are very 


{triking ; 
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@riking; fome of thefe I fhall point out in the 
words of two able philofophical writers. Fire, 
fays Mr. Jones, is divided into three forts, Solar, 
culinary, and elementary; the folar is that-fire 
which refides in the orb of the fun, as in it’s 
_refervoir or fountain, and proceeds from it in 
the form of light. The culinary is that fire 
which is kindled upon earth’ by artificial means, 
and burns in any fort of fuel. The elementary, 
is that fubtil fluid which refides conftantly in 
all grofs bodies, and is not neceffarily diftin- 
guifhed by it’s heat as culinary fire, by it’s light 
as folar or fidereal fire, but is known by other. 
effects, even ina cold invifible ftate. 

If it be true, that natural effects are not to 
be afcribed to many different means or agents, 
where fewer will fuffice, thefe three fhould be 
confidered as one and the fame fluid, becaufe 
they have the fame properties and the famé. 
effects. The /olar fire will burn in fuel, and 
act in folid matter with greater effect than the 
moft violent fire of a furnace. The culinary fire 
will promote vegetation, and ripen fruits like 
the fun. The elementary, or elefric fire, will 
light a candle and fire gunpowder, like the 
culinary; will afford a fpectrum of the feven 
primordial colours in common with the folar 
‘rays, or the light of an ordinary fire; and will 
E 3 throw 
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throw metals into fufion with a violent feorch- 
ing heat. Fire is brought into action by fric- 


tion, as well as electricity. Fire dilares all 
bodies. ‘The electric fluid has alfo a dilating 


‘power, which is evident from it’s action~on a 


thermometer, though, in general, the force 
with which bodies cohere together is greater 
than the dilating power of electricity. 

Fire promotes and accelerates vegetation as_ 
well as germination. Electricity, whether pofi- 
tive or negative, does the fame. 

Electricity, as well as fire, accelerates eva- 
poration. 

Fire and electricity accelerate the motion of 
the blood.* Left fear, conftraint, or atten- 


tion to the experiment, might accelerate the 


pulfe, and thus be attributed to elc&tricity, Mr. 
Achard made the experiment on a dog when 


afleep, and always found, that the number of 


pulfations was increafed when the animal was 
electrified. | 

The experiment made by Mr. Achard on the 
éges of a hen, and by others on the eggs of 
moths, proves that eleétricity, as well as heat, 
favours the developement of thofe animals. The 


electric 
* This pofition has been much controverted, and it 


feems clear, from modern experiment, that fimple eleétris 
city does not accelerate the pulfe,. 
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electric fluid, in common with fire, will throw 
metals into fufion. 

If fubftances, with. equal degrees of heat, 
touch each other, the heat is diffufed uniformly 
between them. In the fame manner, if two 

bodies with unequal degrees, or different kinds 
of electricity, touch each other, an equilibrium 
will be eftablifhed. 

_ If bodies of different kinds, and of equal de- 
grees of heat, are placed in a medium of a dif- 
ferent temperature, they will all acquire, at the 
end of a certain time, the fame degree of heat. 
There is a confiderable difference, however, in 

_ the fpace-ef time in which they acquire the tem- 
perature of the medium: ex. gr. metals take lefs 
time than glafs, to acquire or lofe an equal de- 
greeatheat, | | 

On an attentive examination of the bodies 
which receive and lofe their heat fooneft, when 
they are placed in mediums of different tempe- 
“rature, they will be found to be the fame which 
receive and lofe their electricity with the greateft 
facility. Metals, which become warm or grow 
cool the quickeft, are the fubftances which re- 
ceive and part with their electricity fooneft. 
Wood, which requires more time to be heated 
or cooled, receives and lofes electricity flower 

“than metals. Laftly, glafs and refinous fub- 

EK 4 | - -ftances, 
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" ftances, which receive and lofe flowly the elec- 
tric fluid, acquire with difficulty the tempera- 
ture of the medium which furrounds them. ’ 

If one extremity of an iron rod be heated red- 
hot; the other extremity, though the bar is fe- 
veral feet long, will become fo warm in a little 
time that the hand cannot hold it; becaufe the 
iron conduéts heat readily; but a tube of glafs, 
only a few inches long, may be held in the hand, 
even while the other end is melting. The elec- 
tric fluid, in the fame manner, paffes with great 
‘velocity from one end of a rod of iron to the 
other; but it is a confiderable time before a 
tube of glafs, at one end of which an excited 
electric is held, will give electric figns at the 
other. 

Thefe obfervations prove, that feveral bodies 
that receive and lofe with difficulty their a@ual 
degree of heat, receive and lofe alfo with diffi- 
culty their electricity. To.determine if this law 
is general, and what are the exceptions to it, 
will require a variety of experiments. 


EXPERIMENT Vi1——/hews us tbat the eleéric 


powers may te put in a€fion by heat and cold. It 
was originally made by Mr. Canton, He pro- 
cured fome thin glafs ‘alls, of about an inch 
and a half diameter, with {tems or tubes, about 

eight 
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eight or nine inches in length, and electrified 
them, fome pofitively on the infide, others ne- 
gatively, and then fealed them hermetically ; 
foon after he applied the naked balls to his 
electrometer, and could not obferve the leaf 
fign of their being electrical; but holding them 
at the fire, at the diftance of five or fix inches, 
they became ftrongly electrical in a fhort time, 
and more fo when they were cooling. Thefe 
balls would, every time they were heated, give 
the ele&ric power to, or take it from other 
bodies, according to the plus or minus ftate of 
it within them. Heating them frequently di- 
_minifhed their power, but keeping one of them 
_under water a week did not in the leaft impair | 
“it. The balls retained their virtue above fix 
years. | 


The tourmalin and many other precious 
ftones are alfo known to acquire electricity by 
heat. The tourmalin has always at the fame 
time a pofitive and negative electricity; one 
fide of it being in one ftate, the other in the 
oppofite.. Thefe powers may be excited by 
friction and by heat; nay, even by plunging it 
in boiling water. | 


- ExprRIMENT vill,—j/bewing the aétion of the 
elecivic fluid on a thermometer. Infulate a fen- 
fible 
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’ fible mercurial thermometer, and place the bulb 
between two balls of wood, one affixed to the 
conductor, the other communicating with the 
ground, and the electric fluid, in paffing be- 
tween the two balls, will raife the mercury in 
the thermometer confiderably. With a cylinder 
of about feven inches and a half in diameter, 
the fluid paffing from a ball of lignum vite to 
a ball of beech, and thence to the ground, ele- 
vated the quickfilver in the thermometer, from 
68° to 110°, repeatedly to 105°. ‘The thermo- 
meter was raifed from 68° to 85°, by the fluid 
pafling from a point of box to a point of lig- 
pum vite; from 67° to 100°, from a point of 
box to a ball of box; from 66° to 100°, from 
a ball of box to a brafs point; from 69° to 
100°, from ball to ball; the bulb of the ther- 
mometer covered with flannel. 


CHAP. 
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“Or Tue Exvectricat Macuine; witH Direc~= 
TIONS FOR EXCITING IT. 


A° foon as the properties of electricity were 
in fome meaiure developed, the philofo- 
pher and the artift concurred in contriving and 
executing a variety of machines to excite and 
accumulate this extraordinary agent. The 
greater part of thefe have been laid afide, in 
proportion as the fcience advanced, and it’s 
boundaries were extended. I fhall, therefore, 
only defcribe that electric machine which is 
now in general ufe, whofe conftruction is fimple, 
and well adapted to produce the elettric fluid 
in great quantities, and tranfmit it in full and 
continued {treams to the prime conductor. . 

That the operator may fucceed in producing 
this effect, I fhall firft enumerate thofe parts of 
the machine which require moft attention ; then 
defcribe the machine itfelf, and afterwards give 
inftru€tions to enable him to excite it power- 
fully. 

The following are the parts of an electrical 
machine, which fall more immediately under | 


the care of the electrician, . 
1.. The 
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1. Therelectric, or the glafs cylinder, which 
is to be excited. 

2. The mechanical contrivances by which 
the electric is put in motion. 

3. The cufhion and it’s appendages. 

4. The conductor or conductors. 

Fig. 8, plate I, and the figure in the frontif- 
Mupece, reprefent two eleétrical machines made 

on the moft approved conftruction. They are 
-beth mounted and ufed in the fame manner, 
and differ only i in the mechanifm by Ase the 
cylinder is put in motion. 

The cylinder of the machine, in. the ian 
piece, is turned round by means of the two 
wheels ab, cd, which act on each other by a 

catgut band. | 

The cylinder of the machine, which is repre- 
fented in fig. 8, is put in motion by a fimple 
winch, which is lefs complicated than the mul- 
tiplying wheel, and therefore not fo liable to be 
out of order.* Many practical electricians, 
however, prefer a machine which is moved bya 
multiplying wheel, as it fatigues the operator 
Jefs than that which is moved by a fimple winch; 
while at the fame time a moderate increafe of 

velocity 


_ * Tvis eafier to manage, and may, in proportion to it’s 
fize, be more powerfully excited than thofe with a multi- 
plying wheel, 
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velocity in the cylinder is Hodge by fome to © 
augment the momentum. of the electric fluid, 
and produce a greater quantity of it in the fame 
time; and that, when the machine is fixed to 
a table, the pofition of the lower multiplying 
wheel is more advantageous to the operator, giv- 
ing him a greater power over the cylinder, and 
fatiguing him lefs: it may alfo be turned with 
the right hand, which cannot be done conve- 
niently with the other.* ! 

As the two machines, which are reprefented 
in the plates, are nearly fimilar, the fame letters 
of reference are ufed in defcribing them. 

ABC reprefent the bottom board of- the 
machine. 3 

D and E, the two perpendicular Gites 
which fuftain or carry the’ glafs cylinder FG 
HI. : | 

The axis of the cap K pafles through the fup- 
port D; on the extremity of this axis either a 
fimple winch is fitted, or a pulley. 

The axis of the other cap runs ina {mall hole 
which is madein the top of the fupport.E. 

OP is the glafs pillar to which the cushion is 
fixed, Ta brafs {crew at the bottom of this - 
pillar, which is to regulate the preffure of the 

| ats eufhion 


* It may be proper to rete, that thofe with a fimple 
winch are cheaper than thofe with a multiplying wheel, 
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cufhion againft the cylinder. This adjufting — 
{crew is peculiarly advantageous. By apethes 
operator is enabled to leffen or increafe gra- 
dually the preffure of the cufhion, which it 
effeGis in a much neater manner than it is pof- 
fible to do when the infulating pillar is fixed on 
a fliding~board. 
_. ghi, a piece of filk that comes from the 
under edge of the cufhion, and lies on the 
cylinder, pafling between it and the cufhion, till 
it nearly meets the collecting points of the con- 
cuctor. | Seta 
Y Z, reprefents the pofitive prime conduc- 
‘tor, or that which takes the electric fluid im- 
. mediately from the cylinder, LM the glafs 
pillar by which it is fupported and infulated, 
and VX a wooden foot or bafe for the glafs 
pillar. In general, electrical machines are fold 
with a fingle conductor ; though there are many 
experiments where two are convenient, and from 
fome improvements lately made in the appara- 
tus, they are rendered exceeding proper for ex~ 


perimental inquiries. 


“DIRECTIONS FOR KEEPING THE MACHINE IN 
ORDER. 


Before the ele@rical machine is put in mo- 


tion, examine thofe -parts which are liable to 
: , : wear 
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wear either from the’ friction of one furface 
againft another, or to be injured by the dire, 
that may infinuate itfelf between the cada 
furfaces. ‘f 

If any grating or Be ara noife is heard, 
the place from whence it proceeds muft be dif- 
covered, wiped clean, and rubbed over with a 
{mall quantity of tallow: a little {weet ail or 
tallow fhould alfo be occafionally applied to the 
axis of the cylinder. 

The fcrews that belong to the frame fhould. 
be examined, and if they are loofe, they fhould. 
be tightened. 

The different working parts of the vuahie 
having been looked into, and put in order, the - 
glafs cylinder, and the pillars which fupport the 
cufhion and conductor fhould be carefully wiped 
with a dry warm old filk handkerchief, to free 
them from the moifture which glafs atrra@s 
from the air, being particularly attentive to 
leave no moifture on the ends of the cylinder, j 
as any damp on thefe parts carries off the elec- 
tric Auid, and leffens the force of the machine. 
In very damp weather it will be proper to dry 
the whole machine, by placing it before, but 

alfo at fome diftance from the fire. 

,; Take care that no duft, loofe threads, or ays 
ments, adhere to the cylinder, it’s frame, the 
conduétors, 


Bs 
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conduttors, or their infulating pillars; becaufe ° 


thefe will gradually diffipate the electric fluid, 


and prevent the machine from acting power-_ 


fully. 

Rub the ‘glafs cylinder firft with a clean, 
coarfe, dry, warm cloth, or a piece of wafh 
leather, and then with a piece of dry, warm, 
foft filk ; do the fame to all the glafs infulating 
. pillars of the machine and apparatus; thefe 
pillars muft be rubbed more lightly than the 
cylinder, becaufe they are varnifhed. 


A hot iron may-in fome cafes be placed on the 


foot of the conductor, to evaporate the moifture 
which would otherwife injure the experiments. 


_ Or THE CIRCUMSTANCES NECESSARY TO BE AT- 
TENDED TO, IN ORDER TO EXCITE A LARGE 
Quantity or THE Execrric Fiuip. © 


~ Jn order to find out an effectual mode of ex- 


citing powerfully an electrical machine, it is 


neceflary to frame fome idea of the mechanifm 
by which the cylinder extracts the electric fluid 
from the cufhion, and thofe bodies which are 
connected with it; I have, therefore, fubjoined 
thofe conjectures on which I have worked, and 
by which I have been able to excite, in the moft 


powerful manner, the machines which have 
' pafied 


* 
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paffed through my hands; fetting out on this 
fuppofition, that the friction is between an 
electric and non-electric, and that the circum- 
ftances are the moft favourable when thefe are 
the moft perfect of their kind. 

It is probable, that the refiftance of the air 
is leffened, or a kind of vacuum is produced, 
where the cufhion is in clofe conta& with the 
cylinder; that the electric matter, agreeable to 
the law obferved by all other elaftic fluids, is 
preffed towards that part where it finds leaft re- 
fiflance: the farne inftant, therefore, that the 
cylinder is feparated from the cufhion, the fire 
iffues orth in abundance, becaufe the refiftance 
made to it by the aétion of the atmofphere is 
jeffened at that part. A further circumftance is 
alfo to be taken into this hypothefis, namely, 
the effect which arifes from the deftruction of 
the attraction er cohefion between the cylinder 
and cufhion. ‘The more perfect the continuity. 
ismade, and the quicker the folution of it, the 
greater is the quantity which will proceed from 
the cufhion. But, as the fluid in this fituation 
will enter with avidity every conducting fub- 
ftance that is near it, ifany amalgam lies above 
that part of the cufhion which is in contact with 
the cylinder, it will abforb and carry back part 
of the electric fire to the refervoir from whence 
it was extracted. . 


af If 


ne 
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If thefe conjectures be true, to excite an elec- 
trical machine effectually, we muft, | 

ft, Find out thofe parts of the cufhion which 
are prefied by the glafs cylinder. 

_ 2d, Apply the amalgam only to thofe parts 
3d, Make the line of contact between the cy- 
hinder and cufhion as perfect as poffible. 

ath, Prevent the fire that is collected from 
efcaping. _ | | | 

About the year 1772, I applied a loofe flap 
of leather to the front of the cufhion; the amal- 
eam was fpread over the whole of the flap; the 
cufhion was then put in it’s place, and the loofe 
flap of leather doubled down, or rather turned 
in more or lefs, till by fucceffive experiments 
that fituation was difcovered which produced 
the greatcft effect; for, by this means, the 
quantity of amalgam acting againft the cylinder 
was lefiened, and the true line of contact in 
fome meafure afcertained. Hence I was na- 
turally led to contract the breadth of the 
cufhion, a circumftance which has been fince 
univerfaly adopted by all electricians ; and thus 
much. of the trouble, to which we were formerly 
obliged to fubmit, is done away. 

The amalgam is to be placed on that part of — 
the filk flap which bears againft the cuthion, 
the tate i is to be rubbed with a piece of 

leather 


t 
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' Jeather which is covered with amalgam, which 
will render the contact between the cylinder — 
and cufhion more perfect, becaufe it fills the 

fmaller pores of the glafs with amalgam, and 

depofits the fuperfiuous particles on the cufhion. 

When the cylinder is rubbed with the amalga- 

mated leather, that part of the oil, or black filk, 

which lies above the cufhion, is to be turned 

back, and if, by accident, any particles of amal-. 
gam ftick to it, they muft be wiped off care. 

fully.* Ifthe machine has not been ufed for 

fometime, it will be proper to place it, for a 

few minutes, before a fire, and to take off the 

cufhion and dry the filk thereof. 

If the electricity of the cylinder grows lefg 
powerful, it is eafily renewed by rubbing the 
cylinder with the amalgamated leather, or by 
occafiopally altering the preflure of the ad eG 
{crew. ) 

A very fma}l quantity of tallow placed over 
the amalgam, is obferved to give more force to 
the electric powers of the cylinder ; the fame end 
is anfwered by rubbing the cylinder with a_ 
coarfe cloth that has been greafed a little, and 


afterwards wiping “the cylinder with a clean 
cloth. 


F 2 Be oo ee 


* This obfervation is thought ufelefs s by many practical 
Ghote ais; : 


~ 
t ‘ ; 
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EXPERIMENT 1x.—When the cylinder is put 
into good aétion, a number of circular lines of 
fire will iffue from the cufhion; prefent a row of 
metallic points towards thefe, and they will dif- 
appear. This experiment fhews, the conducting 
fubftance collects the electric fluid before it can 


take thofe appearances, or be diffipated into the 
alr. 


Hence we learn, that to prevent a lofs of the 
electric fluid which is excited, we muft prevent’ 
the air from acting on the fluid, which is put in 
motion by the excitation; becaufe the air not 
only refifts the emiffion of the fluid, but alfo, — 
diffipates what is collected on account of the con- 
ducting fubftances, which are continually float- -~ 
ing in if. 

Thefe ends are effectually anfwered by. letting 
a non-conducting fubflance, as a piece of black. 
or oiled filk, proceed from the line of contact to 
the collecting points of the prime conductor, and 
_ placing thefe points within it’s atmofphere. The 
ftreams of fire, which proceed from the cufhion 
over the cylinder, fhew whether the cufhion 
bears uniformly againft the cylinder ; for they are 
moft copious and denfe at thofe parts where the 
preffure is greateft, but are uniformly denfe, when 
the preffure is equable. 
When 
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_ ‘When the zinc amalgam is ufed, the filk will 
fometimes adhere fo {trongly to the cylinder as 
to render it very difficult to turn: to obviate this, 
wipe the filk perfectly clean, and then rub it over 
witha very {mall ati of aurum mufivum, or 
a little whiting. 

The operator ought not to think his machine 
in good order till it pours forth the fire in great 
abundance, and ftrong denfe {parks are obtained 
in quick fucceffion from the conductor. When 
the conductor is removed, the fire fhould {prinkle 
round the cylinder, and throw out many beauti- 
ful brufhes of light. 

Two kinds of amalgam are much in 1 requeft 
“at prefent. One is made of quickfilver five 
parts, zinc one part, which are melted together 
with a {mall quantity of bees-wax: the other is 
the aurum mufivum of the fhops. To make 
either amalgam adhere clofely to the filk, it is 
neceflary to greafe it, wipe off the furperfluous 
greafe, and then fpread the amalgam. 

The following experiment feems to illuftrate 
and confirm the foregoing conjectures on. the 
mechanifm by which the fluid is extracted from 
the cufhion, and thofe bodies which are con- 
nected ‘with it. 


Experiment x.—On the effed? of a folution 
B 3 of 
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of continuity. Break a ftick of fealing wax in 
two pieces; thofe extremities that were con- 
tiguous will be found electrified with contrary 
powers; one will be pofitively, the other nega~ 
tively, electrified. 

Since the laft edition of this work, Mr. Ni- 
cholfon has made many experiments on the nature 
of excitation, and on the moft efficacious me- 
thods of exciting an electric machine powerful. - 
ly; they were communicated to the Royal Soci- 
ety, and read before them, June 25,.1789, and 
have fince been publifhed in the Philofophical 
Tranfactions : I have therefore thought it a duty 
to add them to this edition of the work, as con- 
taining much important matter. 


EXPERIMENTS AND OBSERVATIONS ON THE Ex. 
CITATION OF ELECTRICITY, BY WILLIAM 
NICHOLSON, 


On the Excitation of Eleéiricity, . 


1, A glafs cylinder was mounted, and a 
cushion applied with a filk flap, proceed. 
ing from the edge of the cufhion over it’s fur- 
face, and thence half round the cylinder, 
The cylinder was then excited by applying an 
amalgamed leather in the ufual manner. The 

electricity 
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eleftricity was received by a conductor, and 
paffled off in {parks to Lane’s electrometer. By 
the frequency of thefe /parks, or by the number of 
turns required to caufe the /pontaneous explofion of a 
gar, the ftrength of the excitation was afcertained. 
2. The cufhion was withdrawn about one 
inch frem the cylinder, and the excitarion per- 
formed by the filk only. A ftream of fire was 
feen between the cufhion and the filk; and much 
fewer {parks paffed between the balés of the 
electrometer. 

3. Aroll of dry filk was cnet to pre- 
vent the ftream from paffing between the cuth- 
ion and the filk. Very few fparks then appeared 
at the electrometer. 

4. A metallic rod, not infulated, was then in- 
terpofed, inftead of the roll of filk, fo as not to 
touch any part of the apparatus. A denfe 
ftream of electricity appeared between the rod 
and the filk, and the conductor gave very many 
fparks. 

_. § The knob ofa jar being fubftituted in the 
place of the metallic red, it became charged 
negatively. 

6. The filk alone, with a piece of tin-foil ap- 
plied behind it, afforded much electricity, 
though lefs than when the cufhion was applied 
with a light preflure. The hand, being applied 

| F 4 | ; to 
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to the filk as a cufhion, produced a degree of 
excitation feldom equalled by any other cufhion. 

7 The edge of the hand anfwered as well as 
the palm. 

8. When the excitation by a sent was 
weak, a line of light appeared at the anterior 
part of the cufhion, and the filk was ftrongly 
difpofed to receive electricity from any uninfula-- 
ted conductor. ‘Thefe appearances did not ob- 
tain wheh the excitation was by any means 
made very ftrong. 

g. Athick filk, or two or more folds of filk, - 
excited worfe than a fingle very thin flap.. The 
filk which the milleners call Perfian was ufed. 

1o. When the filk was feparated from the 
cylinder, fparks paffed between them; the filk 
was found to be in a weak negative, and the 
cylinder in a pofitive ftate, ‘ 

The foregoing experiments fhew, that the of 
fice of the filk is not merely to prevent the re- 
turn of electricity from the cylinder to the cufh- 
ion, but that it is the chief agent in the exci- 
tation; while the cufhion ferves only to fupply 
the electricity, and perhaps increafe the preflure 
at the entering part.. There likewife feems to 
be little reafon to doubt but that the difpofition | 
of the electricity to efcape from the furface of 
the cylinder is not prevented by the interpofi- 

tien 
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tion of the filk, but by a compenfation after the 
manner of a charge; the filk being then as 
{irongly negative as the cylinder is pofitive: * 
and, laftly, that the line of light between the 
filk and cufhion in weak excitations does not 
confift of returning electricity, but of electricity 
which paffes to the cylinder, in confequence of 
it’s not having been fufficiently fupplied, during 
it’s contact with the rubbing furface. : 

11. When the excitation was very {trong in 
a cylinder newly mounted, flathes of light were 
feen to fly acrofs it’s infide, from the receiving 
furface to the furface in contact with the cu- 
fhion, as indicated by the bruth figure. Thefe 
made the cylinder ring as if ftruck with a bundle 
of {mall twigs. They feem to have arifen from 
part of the electricity of the cylinder taking the 
form of a charge. This appearance was ob- 
ferved in a nine-inch and a twelve-inch cylin- 
der, and the property went off in a few weeks. 
Whence it appears to have been chiefly occa- 
fioned by the rarity of the internal air produced 
by handling, and probably reftored by gradual 
leaking of the cement. ) 

12. With a view to determine what happens 


in the infide of the cylinder, recourfe was had 
| | to. 


* The powers are always Sopa in excitation, See 
Eelles’s fyftem. G. A, 
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toa plate machine. One cufhion was applicd> 
with it’s filken flap. The plate was nine inches 
in diameter, and two-tenths of an inch thick. - 
During the excitation, the furface oppofite the 
cufhion ftrongly attracted electricity, which it 
gave out when it arrived oppofite the extremity | 
of the flap... Se that a continual ftreaim of elec- 
tricity paffed through an infulated metallic bow — 
terminating in balls, which were oppofed, the 
one to the furface oppofite the extremity of the 
filk, and the other oppofite the cufhion; the. 
former ball fhewing a pofitive, and the latter 
negative figns. The knobs of two jars being 
fubfiituted in the place of thefe balls, the jar, 
applied to the furface oppofed to the cushion, 
was charged negatively, and the other pofi- 
tively. ‘This difpofition of the back furface 
feemed, by a few trials, to be weaker the 
ftronger the action of the cufhion, as judged 
by the electricity on the cufhion fide. 

Hence it follows, shat the interual furface of 
a cylinder is fo far from being difpefed to give 
out eleciricity during the friéiion by which the 
external furface acquires it, that it even See 
altrads it. 

13. A plate of glafs was applied to the re-. 
volving plate, and thruft under the cufhion in 
fuch a manner as to Sifipply the place of the filk 

flap, : 
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flap. It rendered the electricity ftronger, and 
appears to be an improvement of the plate ma~ 
chine; to be admitted if there were not effential 
_ objections againft the machine itfelf. | 

14. Two cufhions were then applied on: the 
oppofite furfaces with their filk flaps, fo as to’ 
- Clafp the plate between them. The electricity: 
was received from both by applying the finger 
and thumb to the oppofite furfaces of the plate. 
When the finger was advanced a little towards 
it’s correfpondent cufhion, fo that. it’s diftance’ 
was lef{s than between the thumb and it’s cu- 
fhion, the finger received ftrong electricity, and 
the thumb none; and,. contrariwife, if the 
thumb were advanced beyond the finger, it re- 
ceived all the electricity, and none paffed to the 
finger. This electricity was not {tronger than 
was produced by the good action of one cufhion 
applied fingly. 

15. Thecufhion in par. 12, gave moft clec-' 
tricity when the back furface was fupplied,- pro- 
vided that furface was fuffered to retain it’s elec- 
tricity till the rubbed furface had given out it’s’ 
electricity. | : | 

From the two laft paragraphs it appears, that 

‘no advantage is gained by rubbing both fur- 
faces; but that a well managed friction on one 
furface will accumulate as much electricity as’ ~ 

hoes the 
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the prefent methods of excitation feem capable 
of collecting; but that when the excitation is 
weak, on account of the electric matter not 
paffing with fufficient facility to the rubbed fur- 
face, thé friction enables the oppofite furface to 
attract or receive it, and if it be fupplied, both | 
furfaces will pafs off in the pofitive ftate; and 
_ either furface will give out more electricity than 
is really induced upon it, becaufe the electri- 
city of the oppofite furface forms a charge. It 
may be neceflary to obferve, that we are fpeak- 
ing of the facts or effects produced by friction; 
but. how the rubbing furfaces act upon each 
other to produce them, whether by attraction, 
or otherwife, is not here the fubje&t of inquiry. | 
Ie will hereafter be feen, that plate machines 
- do not collect more electricity than cylinders 
(in the hands of the electrical operators of this 
metropolis) do with half the rubbed furface; 
which 1s a corroboration of the inference here 
made. . | 
16. When a cylinder is weakly excited, the 
appearances mentioned (par, 8.) are more evi 
dent, the more rapid the turning. In this cafe, 
the avidity of the furface of the cylinder be~ 
neath the filk is partly fupplied from the edge 
of the filk which throws back a broad cafcade 
of fire, fometimes to the diftance of above twelve 


F inches. 
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inches. From thefe caufes it is that there isa 
determinate velocity of turning required to pro- 
duce the maximum of intenfity in the conductor. 
The ftronger the excitation the quicker may 
be the velocity ; but it rarely exceeds five feet. 
of the glafs to pafs the cufhion in a fecond. 

17. Ifa piece of filk be applied toa cylin- 
der, by drawing down the ends, fo that it may 
touch half the circumference, and the cylinder 
be then turned and excited by applying the 
amalgamed leather, it will become very greedy 
of electricity during the time it paffes under the 
filk. And if the entering furface of the glafs 
be fupplied with electricity, it will give it out 
at the other extremity of contact; that is to 
fay, if infulated conductors be applied at the 
touching ends of the filk, the one will give, and 
the other receive, electricity until the intenfities — 
of their oppofite ftates are as high as the power 
of the apparatus can bring them ; and thefe’ 
ftates will be inftantly reverfed by turning the 

cylinder in the oppofite direction. 

As this difcovery promifes to be of ie 
greatelt ufe in eledrical experiments, becaufe 
it affords the means of producing either the 
plus or minus fates in one and the fame con- 
ductor, and of inftantly repeating experiments 
with either power, and without any change of 

pofition 
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pofition or adjuftment of the apparatus, it evi- 
dently deferved the moft minute examination. 

_ 18. There was little hope (par. 6.) that 
cufhions could: be difpenfed with. They were 
therefore added; and it was then feen, that the - 
electrified conductors were fupplied by the dif. 
ference between the action of the cufhion which 
had the advantage of the filk and that which 
had not; fo that the naked face of the cylinder 
was always in a ftrong electric ftate.’ Methods 
were ufed for taking off the preflure of the re- 
ceiving cufhion; but the extremity of the filk, 
by the conftruction, not being immediately 
under that cufhion, gave out large flafhes of 
electricity with the power that was ufed. Nei- 
ther did it appear practicable to prefent a row 
of points or other apparatus to intercept the 
electricity which flew round the cylinder; be- 
caufe fuch an addition would have materially 
diminifhed the intenfity of the condu&or, which 
in the ufual way was fuch as to flafh into the 
air from rounded extremities of four inches dia- 
‘meter, and made an inch and half ball become 
Juminous and blow like a point. But the greateft — 
inconvenience was, that the two ftates with the 
backward and forward turn were feldom equal; 
becaufe the difpofition of the amalgam on the 
filk, produced by applying the leather to the 
cylinder 
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cylinder in one direction of turning, was the 


reverfe of what muft take place when the con- 


trary operation was performed. 
Notwithftanding all this, as the intenfity with 
the two cufhions was fuch as moft operators 


would have called ftrong, the method may be 


of ufe. | 

1g. The more immediate advantage of this 
difcoyery is, that it fuggefted the idea of two 
fixed cufhions with a moveable filk flap and 


rubber. Upon this principle, which is fo 


fimple and obvious, that it is wonderful ir 
_fhould have been fo long overlooked, a machine 
was conitructed by Mr. N. with one conduéor, 
in which the two oppofite and equal ftates are 
produced by. the fimple procefs of loofening the 
leather rubber, and letting it pafs round with 
the cylinder (to which it adheres) until it ar- 
rives at the oppofite fide, where it is again 
faftened. A with to avoid’ prolixity prevented 
his defcribing the mechanifm by which it is 
let go, and faftened in an inftant, at the fame 
time that the cufhion is made either to fisinah or 
is withdrawn, as occafion requires. 


20. Although the foregoing feries of experi-_ 


ments naturally lead us to confider the filk as 
the chief agent in excitation; yet as this bufi- 
nefs was originally performed by a cufhion only, 

1 7 
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it becomes an object of inquiry to determine 
what happens in this cafe. 
21. The great Beccaria * inferred, that in 
a fimple cufhion, the line of fire, which is feen 
at the extremity of contact from which the fur- 
face of the glafs recedes, confifts of returning 
electricity ; and Dr. Nooth grounded his happy 
invention of the filk flap upon the fame fuppo- 
fition. The former afferts, that the lines of 
light both at the entering and departing parts 
of the furface are abfolutely fimilar; and thence 
infers, that the cufhion receives on the one fide, 
as it certainly does on the other. Mr. N. finds, 
however, that the fact is directly contrary to this 
affertion ; and that the oppofite inference ought 
to be made, as far as this indication can_ be 
reckoned conclufive: for the entering furface 
exhibits many luminous perpendiculars to the. 
cufhion, and the departing furface exhibits a 
neat uniform line of light. This circumftance, 
together with the confideration that the line of 
light behind the filk in par. 8 could not confift 
of returning electricity, fhewed the neceflity of 
farther examination. Mr. N. therefore applied the © 
edge of the hand as a rubber, and by occafion- 
ally bringing forward the palm, he varied the 
quantity 


| # Philofophical Tranfaétions, Vol, LVI. p. 117. 
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quantity of electricity which pafled near the 
departing furface. When this was the greateft, 
the {parks at the electromete were the moft nu- 
merous. But, as the experiment was liable to the 
objection that the rubbing furface was variable, 
Mr. N, pafted a piece of leather upon a thin 
flat piece of wood, then amalgamed it’s whole 
furface, and cut it’s extremity off in a neat 
right line clofeto the wood. ‘This being ap- 
plied by the conftant action of a {pring againft 
the cylinder, produced a weak excitation, and 
the line where the cortact of the cylinder and. 
leather ceafed (as abruptly as poflible) exhibited. 
avery narrow fringe of light. Another piece 
of wood was prepared of the fame width as the 
rubber, but ene quarter of an inch thick, with 
it’s edges rounded, and it’s whole furface co- 
vered with tin-foil. This was laid on the back 
of the rubber, and was there held by a {mall 
{pring, in fuch a manner as that it could be 
flided onward, fo as occafionally to project be- 
yond the rubber, and cover the departing and 
excited furface of the cylinder, without touch- 
ing it. The fparks at the electrometer were 
four times as numerous when this metallic piece 
was thus projected; but no electricity was ob- 
ferved to pafs between it and the cylinder. The | 
metallic piece was then held in the hand to re- 

G SL \gulate 
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eulate it’s diftance from the glafs ; and it was 
found, that the fparks at the electrometer in- 
creafed in number as it was brought nearer, 
until light appeared between the metal and the 
cylinder, at which time they became fewer the 
nearer it was brought, and at laft ceafed when 
if was in contact. . 

The following conclufions appear to be de- 
ducible from thefe experiments. 1. The line 
of light on a cylinder departing from a fimple 
cufhion confifts of returning electricity; 2. the 
projecting part of the cufhion compenfates the 
electricity upon the cylinder, and by diminifh- 
ing it’s intenfity, prevents it’s {triking back in 
fuch large quantities as it would otherwife do; 
3. that if there were no fuch compenfation, 
very little of the excited electricity would be 
carried off; and, 4. that the compenfation is 
diminifhed, or the intenfity increafed, in an 
higher ratio than that of the diftance of the 
compenfating fubftance; becaufe if it were 
not, the electricity which has been carried: off 
from an indefinitely {mall diftance, would never 
fly back from a greater diftance and form ‘the 
edge of light. ° 
‘92. Mr. N. hopes the confiderable iiss 
‘he fpeaks of will be an apology for defcribing 
the manner in which it was produced, withing 


the 
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the theory of this very obfcure procefs ‘were 
better known; but no conjecture is worth 
mentioning. The method 1s as follows: 

Clean the cylinder, and wipe the jilk. 

Greafe the cylinder by turning tt againft a greafed 
leather Jill it is uniformly obfcured. The tallow of 
a candle was ufed. — | 

Turn the cylinder tll ihe filk flap bas wiped off 
Jo much of the greafe as to render it Jemi-tranf- 
parent. . | 

Put fome amalgam on a piece of ieather, and 
Spread ut well, fo that it may be uniformly bright. 
Apply this againjt the iuruing cylinder. The fric- 
tion will immediately increafe, and the leather muft 
not be removed until it ceafes to become. greater. 

Remove the leather, and the ation of the machine 
will be very firong. 

The rubber, as before obferved, caniitts of 
the filk flap pafted to a leather, and the cufhion 
is prefled againft the filk by a flender fpiral 
fpring in the middle of it’s back. The cufhion 
is loofely retained in a groove, and refts againft 
the {pring only, in fuch a manner, that by a 
fort of libration upon it as a fulcrum, it adapts 
itfelf to all the irregularities of the cylinder, 
and never fails to touch in it’s whole length. 
There is no adjuftment to vary the preffure, be- 
caufe the preflure cannot be too {mall when the 

| G2 excitation 
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excitation is properly made. Indeed, the at» 
tual withdrawing of the cufhion to the diftance 
of one-tenth of an inch from the filk, as in- 
par. 2. will not materially affect a good exci- 
tation. 

The amalgam is that of Dr. Higaian com=- 
pofed of zinc and mercury. Ifa little mercury 
be added to melted zinc, it renders it eafily 


- pulverable, and more mercury may be added 
to the powder to make a very foft amalgam. 


It is apt to cryftallize by repofe, which feems_ 
in fome meafure to be prevented by triturating : 
it with a {mall proportion of greafe: and it is 
always of advantage to triturate it before ufing. 

A very ftrong excitation may be produced by 
applying the amalgamed leather to a clean cy-- 
linder with a clean filk. But it foon goes off, 
and is not fo ftrong as the foregoing, which 
lafts feveral days. 7 

23. To give fome diftinctive criterions by 
which other electricians may determine whether 
the intenfity they produce exceeds or falls fhort. 
of that which this method affords, I fhalk men- 
tion a few facts. 

With a cylinder 7 inches diameter, and cufhion 
$ inches. long, three brufhes at a time conftantly — 
flew out of a three-inch ball in a fucceffion too 
‘quick to be counted, and a ball of 13 inch dia- 

meter 
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meter was rendered luminous, and produced a 
{trong wind like a point. A nine-inch cylinder 
with an eight-inch cufhion occafioned frequent 
flafhes from the round end of a conductor 
4 inches diameter: with a ball of 2: inches 
diameter the flafhes ceafed now and then, and 


it began to appear luminous: a ball of rz inch. 


diameter firft gave the ufual flafhes; then, by 
quicker turning, it became luminous with a 
bright fpeck moving about on it’s furface, while 
2 conftant ftream of air rufhed from it; and, 
laftly, when the intenfity was greateft, brufhes, 
of a different kind from the former, appeared. 
Thefe were lefs luminous, but better defined in 
the branches; many ftarted out at once with a 
hoarfe found. They were reddith at the ftem, 
fooner divided, and were greenifh at the point 
next the bail, which was brafs. A ball of 4 
inch diameter was furrounded by a fteady faint 
light, enveloping it’s exterior hemifphere, and 
fometirnes a flafh ftruck out at top. When the 
excitation was ftrongeft, a few flafhes {truck cut 
fideways. The horizontal diameter of the light 
was longeft, and might meafure one inch, the 
ftem of the ball being vertical. 

| This laft phzenomenon is fimilar to a natu- 


ral event related by M. Loammi Baldwin,* who 
G3 ; raifed 


* Memoirs of the American Academy, vol. 1. p. 257. 


he. 
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taifed an electrical kite in July; 1771, during ' 
the approach of a fevere thunder-ftorm, and. 
obferved himfelf to be furrounded by a rare 
medium of fire, which, as the cloud rofe nearer 
the zenith, and the kite rofe higher, continued 


-to extend itfelf with fome gentle faint flafhes. 


Mr. Baldwin felt no other effect than a general 
weaknefs in his joints and iimbs, and a kind of 
liftlefs feeling ; all which, he cbferves, might 
poffibly be the effect of furprize, though it was 
fufficient to difcourage. him from perfifting in 
any farther attempt at that time. He therefore 
drew in his kite, and retired toa fhop till the 


-f{torm was over, and then went to his houfe, 


where he found his parents and friends much 
more furprifed than he had been himfelf; who, 
after exprefling their aftonifhment, informed 
him, that he appeared to them (during the time 
he was raifing the kite) to be in the midft of a 
large bright flame of fire, attended with flafh- 
ings; and that they expected every moment to 
fee him fall a facrifice to the fame. The fame 
was obferved by fome of his neighbours, who 
lived near the place where he ftood. 

This fact is fimilar to another obferved by 
M. de Saufiure on the Alps, and both are re- 
ferable to my luminous ball with the fecond 
kind of brufh. The cloud mufi have been ne- 
gative. 


With 
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With a 12-inch cylinder, and rubber of 72 

inches, a five-inch ball gave frequent flafhes, 
upwards of “14 inches long, and fometimes a 
fix-inch ball would flafh. I do not mention 
the long fpark, becaufe I was not provided with 
a favourable apparatus for the two large cylin- 
ders. The 7-inch cylinder affords a {park of 
103 inches at beft. The g-inch cylinder, not 
_having it’s conductor infulated on a fupport 
fufficiently high, afforded flathes to the table 
which was 14 inches diftant. And the 12-inch 
cylinder, being mounted only as a model or 
trial for conftructing a larger apparatus, is de- 
fective in feveral refpects. When the five-inch 
ball gives flafhes, the cylinder is enveloped on 
all fides with fire, which rufhes from the receiv- 
ing part of the conductor. Points are not ufed, 
but in a fimple machine the conductor is 
brought almoft in contact with the cylinder. 
In this apparatus that cufhion to which the 
rubber is not applied ferves that purpofe. 
_ 24. Thefe marks exhibit the intenfity as de- 
duced from fimple electrifying. The rate of 
charging was nearly the fame in all the three 
cylinders. | | | 

A large jar of 350 fquare inches, or near 24 
{quare feet, with an uncoated varnifhed rim, of 
more than four inches in height, was made to: 

G4 explode 
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explode fpontaneoufly over the rim. The jar, 
when broken, proved to be 9.082 inches thick 
onan average; and the number of fquare feet 
of the furface of the cylinder which was rubbed, | 
to produce the charge of one foot, was, when 
leaft, 18.03, and when moft, with good exci- 
tation, 19.34. The great machine at Harlem 
charges * a fingle jar of one foot fquare by the 
friction of 66.6 fquare feet, and charges it’s 
battery of 225 fquare feet at the rate of 94.8 
fquare fect rubbed for each foot, The intenfity 
of electricity on the furface of the glafs is there= | 
fore confiderably lefs than one-fourth of that 
here fpoken of ; but if we take the moft favour- 
able number 66.6 at ‘the- commencement of 
turning, and halve it on account of the una-- 
voidable imperfection of a plate machine, (as 
fhewn in par. 14.) it will be found, that the 
management applied to that machine would 
caufe a cylinder to charge one {quare foot by 
the friction of 332 fquare feet. It muft be ob- 
ferved, however, that M. Van Marum’s own 
machine, confifting of two plates, 33 inches 
_ diameter, has only half the intenfity, though 
he reckons it a very good one. This machjne 

is 


* To explode from the central wire, which, from fome 
trials, I find to require lefs force than from coating to coat: 
ing atequal diftances, 
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js about equal in abfolute power to my g-inch — 


cylinder, with it’s fhort rubber; but it is near 
thirty times as der in price. In all thefe de- 
ductions the computations are omitted, for the 
fake of brevity, and becaufe they are eafily 
made. The data are found in the defeription 
of the Teylerian machine, and it’s continuation 
publifhed at Harlem in the “years aver and 
1787, 

The action of the cylinder, by a fimple 
cufhion or the hand, which excited the afto- 
nifhment of all Europe, in the memory of our 
co-temporaries, was firft improved by the addi- 
tion of a leather flap; then by moiftening the 
rubber; afterwards by applying the amalgam; 
and, laftly, by the addition of a filk flap. Now 
we find, by experiment, that we at prefent ob- 
tain upwards of forty times the intenfity which 
the bare hand produces; and confequently that, 
fince eighteen, times our prefent intenfity will 
equal the utmoft we can now condenfe on 
ftrong glafs even in the form of a charge, we 
have a lefs ftep to take before we arrive at that 
amazing power, than our immediate predecef- 
fors have already made, 
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CHAP. Jy. 


Or tue Prankirntan Hyporuests. Obsyeca 


_TIONS TO THIS Hypotuesis. Ereves’s System 
PREFERABLE TO THE FRANKLINIAN, 


y HE evidence of the external fenfes is ob- 
vioufly the primary principle from which 

all phyfical knowledge is derived ; but whereas 
nature begins with caufes, which, after a va- 


~ 


riety of changes, produce effects, the fenfes » 


open upon the effects, and from them, through 
the flow and painful read of experiment and 
obfervation, afcend to caufes. 

Man appears upon the ftage of this material 
fyftem as upon a vifionary theatre, in which he 


looks only upon the exterior of things, as the — 


eye upon a flower that is full blown, or upon an 
infect in all the pride and beauty of it’s colours ; 
without obferving immediately the different 
ftages through which they have paffed, the 
different forms they have affumed, the dif- 
ferent changes they have undergone, -and with- 
out defcending to the feeds and _ principles 
from which they fpring, and which, upon ex- 
amination, will be found totally different both 


in form and colour. In like manner are the 
fentes, 
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fenfes, the ultimate criteria of all phyfical 
knowledge, liable to be impofed upon and de- 
ceived in regard to the qualities and caufes, 
the powers and operations, of phyfical body. 

The fenfes are, therefore, to be affifted by 
various obfervations, taken with diligence and 
circumfpection, and to be undeceived by dif. 
ferent analyfes, which diveft nature of her ex- 
ternal and compounded form, and lay open her 
internal mechanifm and conftruction: their 
errors and mifconceptions are to be coxrected 
by the ufe of experiments of different kinds, 
which penetrate her inmoft receffes, and de- 
{cend to her remoteft caufes. By the applica. 
tion of fuch afiiftance they are enabled,~ not 
without difficulty, to. leave behind the falla- 
cious exterior, to pafs from one appearance to 
another, and, as faras human fearch can go, 
to judge of the realities of things. _ 

Nothing, perhaps, has contributed more to 
the eftablifhment of truth, and the advance- 
ment of genuine fcience, than the tranfition 
from metaphyfical reafoning to experimental 
philofophy. Mere conjecture, however plau- 
fible or fondly embraced at firft, affording at 
length but little fatisfaction to the mind, we are 
conftantly wifhing for the evidence of facts; 
and finding but few {peculative points but what 

aoe arc 
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are liable to be controverted, we are obliged to 
feck for demonftrative proof, by adverting to 
practical inveftigation.* | 
"This is eminently true with refpect to elec- 
tricity; a field of inquiry, wherein fancy has, 
indeed, fufficiently exhibited her luxuriance. 
No other fcience has had more admirers, nor 
been fubje&, in fo fhort a fpace of time, to fo 
great a variety of hypothefes: thefe have been 
changed, corrected, and improved, almoft as 
often as the inftruments and machines which 
have been made ufe of upon the occafion. In- 
deed, fo little of the nature of electricity was 
known before the apparatus became confiderably 
extended, that even the exiftence of the agent 
feems to have been a matter of fpeculation; 
but, after the inffruments had demonftrated that 
fuch a fluid actually exifted, the mode of that 
exiftence was altogether undetermined, and be- 
came a fubject of much difpute, 
Some have fuppofed the electric matter to be 
a kind of unctuous effluvia, arifing, by meang 
of friction, from fubftances termed electrics per 
fe; others, the zether pointed out by Sir Haae 
- Newton, in the cifects of which a certain fubtile 
- pnedium was concerned. Some called it elemen- 
tary fire, and imagined it to be a modification 


t of 
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of the fire they termed an element ; while others 
conceived it to be a fluid diftin® from chemical 
fire, but of a nature greatly refembling it. 
After two oppofite and remarkably diftinct 
effects had been obferved in the attractive and 
_ repulfive powers of electricity, according as they 
were excited in different fubftances, the theo- 
ries of electricity became more complex; and a 
few gentlemen, with M. Du Fay at their head, 
afferted the exiftence of two diftinét fluids, | 
{which they called the vitreous and refinous 
electricity,) in order to account for the different 
phzenomena which they obferved to arife from 
the excitation -of fuch fubftances. To thefe 
~ hypothefes may be added the ingenious Abbé 
Nollet’s do&irine of electrical affluences and ef- 
fluencies, which he fo ftrenuoufly maintained. 
When it was difcovered that this -twofold 
electricity might be procured by one and the 
fame fubftance, and from the fame machine, 
the fubject appeared entirely in a new light, and 
the terms were prefently changed from vitreous 
and refinous to thofe of pofitive and nega. 
tive electricity, becaufe they were then thought 
to be more adequate and expreflive of the 
fact ; and the appearances which were afterwards 
produced by means of this. difcovery, feemed 
Fufficient to eftablifh at leaft the opinion that 
| all 
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all electrical pheenomena are effected by a fluid, 
extremely elaftic, and attached to the particles 
of all other matter. 

You have been already told, that as long as 
the electrical fluid is equally diftributed among 
different fubftances, we cannot difcover any 
fion of it’s exiftence; a ftriking proof of our 
incapacity of knowing the exiftenee of certain 
fubftances otherwife than by their effects: as 
long as the electric fluid remains in it’s natural — 
{tate it’s effects are invifible, and we are totally 
infenfible of it’s power; but whenever the equi- 
librium is difturbed, we are immediately fenfible 
of it’s effects. : 

The electric fluid adheres to the furface of 
electrics more ftrongly than to the furface of 
conduétors; and hence, when two fuch fub- 
{tances are rubbed together, part of the natural 
quantity belonging to the conductor adheres to 
- the electric. Without this property, the exift- 
ence of the electric fuid might never have been 
difcovered. Had all bodies been poffeffed of 
anequal power of retaining and parting with 
the electric fluid, we fhould neither have had 
any means of exciting it’s appearance, nor have 
become in any meafure fenfible of it’s effects; 
but, becaufe fome fubftances freely admit of it’s 

Rahs 2, : paflage 
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paffage through their pores, while others feem 
nearly impermeable to it, we can eafily difturb 
_the equilibrium by making the fluid pafs from 
one body to another; and when it is thus col- 
lected, it is eafily detained, by fupporting the 
electrified body on fuch other fubftances, as 
will not admit of the fluid’s pafiage. 

That the principal fource of the electric fluid 
is the earth, is a pofition now generally adop- 
ted, and may be rendered clear by in/ulating or 
cutting off the communication of the rubber 


from the earth, by means of glafs or Shaned 
wood. 


EXPERIMENT xt.—On the effects of infulating the 
cufoion. If the cufhion and the conductor be 
both infulated, it is obferved, that lefs of the 
electric fluid is obtained, the more perfect the 


* infulation is made. “ks 


Secondly. The fame experiment, but with a 
machine furnifhed with two conductors; one 
connected with the cufhion, the other as ufual. 

Turn the cylinder, and both will be electri- 
fied ; but any electrified body which is attracted ~ 
by the one will be repelled by the other : if they 
are brought fufficiently near to each other, {parks 
will pafs between them, and they will act on 
each 
* Becket’s Effay on Eleétricity. 
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each other ftronger than on any other bodies. 
If they are connected together by a chain, the 
action of one deftroys that of the other, and. 
neither will exhibit any electric appearances, 
though the fire proceeds from the cufhion to 
the conductor as before; but being immediately. 
conveyed away from thence to the cufhion, they 
both remain in their natural ftate. 

The conductor connected with the cufhion is 
faid to be electrified negatively ; that placed op- 
pofite thereto ts faid to be electrified pofétively. 

To render this fubject ftill plainer, if poffible, 
I fhall introduce another experiment, the more _ 
fo, as it is one which few writers mention. 


ExperiMent xit.— Conduétors ele&rified with 
the fame power. Klectrify two conductors equally, 
by placing them before the cylinder, (that is, 
electrify both pofitively,) and the following ob- 
fervations may be made: 1. That what is at- 
tratted or repelled by the one, is alfo attracted 
and repelled by the other; whereas, in the fore» 
going inftance, what the one attracted, the other 
repelled, 2. That no fparks will pafs between 
two conductors equally electrified with the fame 
power, though they will pafs continually be- 
tween two electrified with different powers. 3. 


Connect the two conductors that are before the 


cylinder, 
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cylinder, and fparks may be taken from them, 
which cannot be done from the others whet 
they are united. ) vine | 


ExprriMEnT xi1t.—Take a glafs tube, and 
by drawing the hand with a piece of flannel 
over the furface, the tube will foon be elec- 
trified. The matter leaving the hand pafles to 
the glafs, where it remains as an addition to it’s 
natural quantity: for as neither the glafs nor 
the air are conduétors, the redundancy of the 
electric fluid cannot efcape till fome non-electric 
body approaches it. Ifa piece of metal, or the’ 
hand, be prefented to any part of the tube, the 
fluid will pafs to the metal with a crackling 
noife. — 

But if the did tg tubs the tube be infu- 
lated, another perfon, ftanding on the floor, oft 
applying | his knuckle from one end to the other 
of the excited ‘tube, will get a few {parks from 
it, but no more, as it cannot get a frefh fupply 
from the earth. | 


EXPERIMENT xIv,—/hewing that ‘éleftrical ap< 
pearances are produced both in the electric which is 
excited, and the /ubftance by whith it-is excited, 
Penne that fubjiance be infulated; but their elec- 

H brig 
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tric powers are direGly reverfe of each other, and 
may be diftinguifoed by oppofite effecis. 

Firft, with a machine with an infulated rub- 
ber, but no conducter connected with it. 

Put the machine in action, connect the cu- 
fhion by a chain with the ground, and on turn- 
ing the machine the conductor will be elec- 
trified, will attract and repel light bodies, and - 
exhibit the ufual electric appearances. Take 
_ the chain from the rubber, and fufpend it to the. 
conductor, and the cufhion will now attract 
and repel light fubftances, and exhibit the fame _ 
general appearances with the prime conductor. 
If. the cylinder be turned while the chain is: 
fufpended from the prime conductor to the 
ground, or any blunt body to the knob at the 
back of the cufhion, fo that fparks may pafs | 
between it and his knuckle, he is then faid to 
receive negative fparks. ‘ 

But if the chain be taken from the prime 
conductor, and fufpended from the knob of the 
cufhion, and a perfon prefent his knuckle with- 
in the ftriking diftance of the prime conductor, 
he will receive what is called po/itive Sparks. 

The fenfes cannot determine the direction in 
which the electric matter moves, but the gene- 
ral opinion is, that ina common electrical ma- 
chine, it paffes from the cylinder to the points _ 

Hib of 
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of the conductor; and as the cylinder, as you 
have feen, affords very little electricity when 
the rubber: is infulated, it follows, that it re- 
‘ceives it’s eleCtricity from the rubber; for un= 
lefs the rubber be at liberty to receive an equal — 
quantity from the earth, that is, unlefs it be ua= 
infulated, it can part but with a {mall quantity 
to the cylinder. On this fuppofition, It is taken 
for granted by many, that the rubber when in- 
fulated muft lofe a part of it’s natural quantity 
by friction with the cylinder, and confequently 
a conductor communicating with it muft be ne- 
gatively electrified; and that the cylinder, at 
.the fame inftant that it imparts the electric mat- 
_ ter to one conductor, exhaufts an equal quantity 
from the other which is conne€ted with the 
rubber. 


Experiment xv.Another inethod of proving 
that the electric fluid comes from the earth. Let 
one perfon ftand on a glafs ftool, (or be infu- 
lated,) and rnb a glafs tube, and let another 
perfon on a glafs {tool take the fire from the | 
firft, they will both of them (provided they do 
not ftand fo near as to touch each other) appear 
_ to be electrified to-a perfon ftanding on the 
floor; that is, he will perceive a fpark on ap- 
proaching either of them with his knuckle. 

H 2 ; 2. But 
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2. But if the perfons on wax touch one an- 
other during the excitation of the tube, neither 
of them will appear to be electrified. 

3. If they touch one another after exciting 
the tube, and draw the fire as aforefaid, there 
will be a ftronger fpark between them, than was 
between either of them and the perfon on the 
floor. 

4. After fuch a ftrong fpark rigitlior of them 
difcovers anny elericity. 


Thefe appearances may be thus accounted 
for: the electric fire is a common element, of 
which each of the three perfons has his equal 
fhare before any operation is begun with the 
tube. | 
A, who ftands upon wax and rubs the tube, 
collects the electrical fire from himfelf into the 
glafs, and his communication with the common 
{tock being cut off by the wax, his ae is not 
again immediately fupplied. 

_B, who alfo ftands upon wax, paffing. his 
knuckle along the tube, receives the fire which 
was collected from A, and being infulated ps 
retains this additional! quantity. | 

To C both appear electrified; for he, natal 
only the middle quantity of lbGaical fire, re- 
€cives a Spark on approaching B, who has an 

over 
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over quantity, but gives one to A, who has an 
under quantity. | 

-If A and B approach to touch each other, the 
fpark is ftronger, becaufe the difference between 
them is greater. After this touch there is no 
{park between either of them and C, becaufe 
the electrical fluid in all is reduced to the origi- 
nal equality. If they touch while electrifying, 
the equality is never deftroyed, the fire is only 
circulating. 

On the foregoing experiments are founded 
the prefent theories of electricity, only two of 
which will be noticed in this work, that of Dr. 
Franklin, and that of Mr. Eeles as modified by 
‘Mr. Atwood. 7 


Of Dr. Franklin's Hypothefis. 


This hypothefis depends on and may be ree 

duced to the following principles. | 

1. That the atmofphere and all terreftrial 
fubftances are full of the electric fluid. 

2. That the operations of electricity depend 
on the uncompounded action of a fimple fluid 
of a peculiar nature, extremely fubtle and 
elaftic. 

3. Glafs and other electric Ait@incde, though 
they contain a great deal of electric matter, are 
neverthele(s impermeable to this fluid. 

H 2 4.0 nat 
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4. That the ele&tric matter violently repels ; 
itfelf, and attracts all other matter. 

5. By the excitation of an electric the equi« 
librium of the contained fluid is broken; and 
ne part becomes overloaded with electricity, 
while the other contains too little. 

6. Conducting fubflances are permeable to 
the electric matter. ao their whole fub- 
ftance. 
4. Pofitive electricity is when a Ladi has 
' more‘than-it’s natural ftate of the ele@ric fluid, 
and negative electricity when it has lefs than it’s 
natural fhare. * 

The firft pofition, shat all terreftrial ‘Wwtibanbee 
as well as the atmofphere are full of the ele&ric 
fluid, is eafily proved. For there is no place of — 
the earth or fea where the electric fluid may not 
~ be collected, by making a connection between 
the place and the rubber of an electric ma- 
chine: the moft conclufive proofs of this pofi- 
tion are obtained by the’ ufe of Bennet’s elec 
trometer and doubler. The -cafe is equally’ 


clear, with: refpect to the atmofphere from 


which the electric fluid may at any time ia 
collected. 

The fecond pofition does not feem to be well 
founded; there are many reafons for fuppofing 
the cle&tric matter to be a a compound fubftance | 

capable 
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capable of being feparated:, at any rate the 
pofition is without proof, for we have no expe- 
riments from which it can be fairly deduced, 
that the electric matter is a fingle fluid Sui ge- 
neris. 

The third eaten for eftablifhing the Fatih 
linian theory is, “ that glafs and other electric 
fubftances, though they contain a great deal of 
the electric matter, are impermeable by it.” This 
_affertion has evidently a very contradictory ap- 
pearance. It is very difficult, if not impoffible, 
to conceive that any fubftance can be very full 
of a fluid, and yet impermeable by that fluid ; 
efpecially when we talk of throwing in an ad- 
ditional quantity on one fide, and taking out as 
much from the oppofite fide. - 

‘ The only arguments for the impermeability: 
of glafs by the electric fluid, are drawn from 
the phenomena of the Leyden phial. It ap~ 
pears indeed, in this cafe, that there is an ex- 
pulfion of fire from the outfide, at the fame’ 
time that it is thrown upon the infide. In this 
experiment an unphilofophical obferver, con- 
cluding from appearances, would judge that 
the fluid paffed through the glafs. Dr. Frank- 
lin concludes that it does not pafs through, be-. 
caufe there is found a very great accumulation 
of electric matter on the infide of the glafs, — 

H4 which 
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: 


which is difcoverable by a violent flafh and ex- 
plofion between the infide and outfide coatings, 

But this is-mere begging the queftion, for « 
there is no reafon to conclude the glafs imper- 
meable, unlefs you allow the accumulation on one 
fide, and the deficiency on the other. If this fup- 
pofition cannot be proved, the evidence of fenfe 
in favour of the permeability muft preponderate, 

. It is faid, indeed, that if the glafs was per-. 
_ meable by the electric fluid, a phial would not 
retain any charge; becaufe the fluid would no 
fooner be thrown on one fide than it would fly 
off from the other. This conclufion depends 
entirely on the foregoing fuppofition, a fuppo- 
fition which is incapable of proof; namely, that 
there is an accumulation on one fide of the elec- 
tric, and a deficiency on the other. 

Proofs of the permeability of glafs will be | 
found in various parts of this work. 

The next pofition to be confidered is this, “ that | 
the electric matter violently repels itfelf, and 
attracts all other matter.”’ The proofs of this 
pofition, like the foregoing, are built on a fup- 
pofition, which if denied, the proof falls to the 


-. ground. Let a fmooth piece of metal be infu~ 


lated, .and bring an excited glafs tube near one 
end of it, a fpark.of pofitive electricity will be 
obtained from the other end; after which, if 

the. 
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the tube be fuddenly removed, the tube be. 
comes negatively electrified. Here then, it is 
faid, is a plain repulfion of one part of the clec- 
- tric fluid ky another. That contained in the 
tube, repels the fluid in the neareft end of the, 
metal; of confequence, it is accumulated in 
the other end: and when the tube is removed, 
the metal is found to be deprived of a part of 
it’s natural ftate of RAL or is electrified 
negatively. | 
It is obvious to staat, before fuch conclu- 
fion can be drawn from this and fimilar expe- 
riments, that it is neceflary to prove that pofitive - 
ele@ricity confifts in‘an accumulation, and ne- 
ative electricity ina deficiency of electric fluid. 
Another argument is however drawn from 
the appearance of the electric fluid iffuing from 
‘a point, or from any body highly electrified. 
In the open air this diverges exceffively, and the 
particles feem to be violently repulfive of each 
_ other ; that they are not fo, is plain from the 
appearance they aflume in vacuo, when, the re- 
fiftance of the atmofphere being taken off, the 
electric repulfion would be more at liberty to 
exercife itfelf. — | | oe 
If. the eleétric matter was really elaftic, or 
ndowed with a power repulfive of itfelf, it is 


impoffible it fhould pafs in an uninterrupted 
2 | column 
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column through an exhaufted receiver, which - 
however it does, and exhibits no repulfive ten- 
dency. a 

The fifth Wolitibe depends on the nature eof 
excitation, a fubject which is yet very imper- 
fectly underftood ; too much fo, to sete con- 
clufions. 

The fixth pofition feems wigwel by a variety 

, Of experiments; the electric fluid indeed often 
-paffes over rather than through the fubftance, but. 
neither can it be doubted that it often enters 

the fubftance, as in the melting of wires. — 

The laft pofition on which Dr. Franklin’s 
theory depends, and which may be called the- 
foundation of the whole, is, ‘ that pofitive 
electricity is an accumulation, or too great a_ 
quantity of electric matter contained in a body; 
and negative electricity is when there 1s too 
little.” Of this, however, there is not one folid 
proof; and all attempts that have been hitherto 
made to prove it, are-only arguments in a cir- 
cle, or proving the thing by itfelf, and there- 
fore ho conclufion can be made from them.. 
Thus, for inftance, a body electrified pofitively 
attracts one that is electrified negatively; be- 
caufe the firft has too much, and the other too 
little electricity. But how do we know that > 
the one has too much, the-other too little elec- 

I tricity ? 
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tricity? Becaufe they attract each other !!!—~ 
Again, when a phial is electrified ss Gthvaly, 
there is a conftant ftream of fire from the out- 
fide coating, as there is from the conductor to 
the infide coating: therefore it is faid the out- 
fide has too little, and the infide too much 
electricity. But how is this known to be the 
_ cafe? Becaufe glafs is impermeable to electri- 
city! And how is glafs known to be thus im- 
permeable? Becaufe one fide has too much, the 
other too little electricity ! | 
We have before. obferved, that the imper- 
meability of glafs to the electric power is a fup- 
pofition merely hypothetical; there is not a 
fingle determinate experiment to prove it; and 
fome of the warmeft advocates, as Dr. Prieftley 
and Cavallo, own that fome glafs may be per- 
-meable. So contradictory is their evidence, that 
you may gather from it that the Jef vitrified, 
and the worft vitrified, cold and warm glafs, are” 
all more or le/s permeable. , 
You will, in another part of this work, fee 
a proof of their inconfiftency, in endeavouring 
to prove that charged glafs has always one fur. 
face in a pofitive, the other in a negative ftate. 
Dr. Gray afferts that Dr. Franklin’s reafon- 
ing, both on the charge and difcharge of a jar, 
is erroneous: fee his remarks in the chapter on 
ative Ee 
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the Leyden phial. If Dr. Gray had confidered 
Mr. Eeles’s fyftem, it 1s probable his ideas on 
this fubject would have been much clearer than 
they at prefent appear to be.* 

Mr. Brooke has fhewn, (what Mr. Eeles 
fhewed us long before,) contrary to the ideas 
of the beft judges and friends of Franklin’s 
theory, that during the time of charging a jar, 
both infide and outfide have the fame kind of 
electricity, and that the negative electricity does 
not take place till the turning the machine is 
difcontinued. 


Or Mr. Eexrs’s Hyporuests. 


The following hypothefis is extracted from _ 
Mr. Eeles’s:-Philofophical Effays ; and the analyfis 
of a courfe of leétures read at Trinity College, 
Cambridge, by Mr. Atwood. ; 

If the reader will carefully compare this 
theory with. the experiments that have been ( 
made on the electric fluid, I think he will with 
me agree, that it is more fimple than Dr. — 
Franklin’s, {peaks more ftri@tly the language of 
experiment, and is much lefs embarraffed with | 
hypothetical fuppofitions. It Pointed out to the 

ibibea author 


* Lyon’s Remarks on the Leading Proofs of the Frank. 
iiman Syftem. 
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author many phenomena which have not only 
been confidered as wonderful, but which have 
alfo much embarraffed: the partizans of Dr. 
Franklin’s opinion. There are no known phe- 
nomena but what are more readily accounted for 
on this fyftem, than any other at prefent known. 
That it is free from difficulty, Ido not: affert’; 
but I am certainly well founded in affirming, 
that it has ftrong claims to philofopbical attention. 
and that nothing would have prevented it’s 
having long fince obtained a fair hearing, but 
for that f{pirit of party and bigotry which is to 
be found as much among philofophers as among 
politicians and gare | 


Hyrornists. , 


. The two plate powers exift testes in 
all anes 
2. As they counteract oigl pi ahha uni- 
ted, they can be rendered evident to the fenfes 
only by their feparation. , 

3. The two powers are feparated in: non- 
electrics by the excitation of electrics, or. ws the 
application of excited electrics. 

4. The two powers cannot be seogether | fe 
parated in electrics. 

5. The two eledtricities attra&t each aba 
ftrongly through the fubftances of electrics. 

6. Electric 
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166 Electric fubftances are mi aah to the 
two electricities. | 

7. Either power, when applied to an unelec- 
sified body, repels the power of the fame. ee 
and attracts the contrary. + 

I thall- now give a few of Mr. Atwood’s ex- 
periments, and then proceed to Mr. Eeles’s 
Own experiments and reafoning. It is to be 
obferved, that Mr. Eeles is a very immethodical 
writer, yet his matter is fo good that no electri- 
cian fhould neglect to read his effays. 


sis in SM she ia air bodies attrac 
‘bodies not electrified, though a thin electric be 
placed between them. 


Expertmint xvit.—Bodies eleétrified with 
contrary powers attract each other ftrongly, 
although an electric plate be peradvier be-' 
tween them. 


Thus flame will communicate heat through 
fubftances, which are impervious ‘to the flame 
itfelf. 


ee Se eee xvii1.—If one furface of an 
electric plate be electrified with either power, 
the 
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the oppofité furface is electrified with the con. 
trary power, if tt be not infulaied. © 


Either power being applied to one of the 
furfaces, attracts the contrary power through the 
fubftance of the electric, and repels the electri- 
city of the fame fort with itfelf. 

The two powers being brought to the oppo- 
-fite furface of the plate which is impervious to 
_ them, remain fufpended, ftrongly attracting 
each other till the interpofed plate is‘ broken 
by their force, or a-communication is formed 
between the two {urfaces by fome conducting 
fubftance. 

The union of the two electricities deftroys 
the effects of each other, and leaves the plate 
difcharged. ' 

If either furface of a charged plate commu- 
nicate with the earth, the power on the oppofite 
furface will expand itfelf into a conduétor_ 
which is contiguous to it, although the con- 
ductor be infulated. 


ExprrRiMENT x1x.— Let one furface of a 
charged plate be infulated: although the other 
communicates with the earth, no difcharge of - 
either furface will follow. | 


~ 


Experi- 


112 AN ESSAY ON ELECTRICITY, 


EXPERIMENT XX,—yrendering the afion of the 


two powers vifible. Let the furfaces of an electric 
plate be very lightly charged and infulated, and 
let a circuit with fucceflive interruptions be 
formed; the two powers will be vifible, itumi- 
nating the points of the interrupted circuit, and 


each power will appear fo extend further from the 


furface contiguous to it, the ftronger the charge _ 


is communicated to the plate ; but if the illu- 
-minations on each fide meet, there will imme- 
diately follow an explofion of the whole charge. 
The length of the interrupted circuit ufed by 
Mr. Atwood, for this experiment, was 12 feet. 


ExpERIMENT xx1.— The direG&ion of the two 
powers vifible in a vacuum. Let an exhaufted 
receiver be made part of the electric circuit, 


with a charge not fufficient to caufe an explo- 


fion, and the electricity will appear to proceed 


in oppofite direétions from the parts communi-~ 


cating with the vitreous and refinous furfaces. 


- 'The direction of the fluid is allowed to be a 


criterion which will prove or ‘difprove the 
truth of the Franklinian fyftem. In the two 
laft experiments of Mr. Atwood, a double cur-. 
rent is evidently vifible, and fully contradictory 


to their fyftem. “a experiments receive ad~ 
: ditional 


+ 
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ditibral force from Dr. Gray’s reafoning, who. 
has fhewn the impoffibility and abfurdity of part 
of the Franklinian conclufions; and are further 
confirmed by the following experiment of Mr. 
Symmer, and a fimilar one of Mr. Volta. 

- When a phial is electrified but a little, Mr. 
Symmer fays, that if you touch the Coating with 
a finger of one hand, and at the fame time bring 
a finger of the other hand to the wire, you will 
receive a pretty {mart blow upon the tip of each, 
of the fingers; bur the fenfation reaches no fara 
ther. If the phial be electrified a degree higher, 
you will feel a ftronger blow, reaching to the 
wrifts, but no further. When again it is elec- 
trified in a ftill higher degree, a fevere blow 
will be received, but which will not reach be- 
yond the elbows. _Laftly, when the phial is 
_ftrongly charged, the ftroke may be perceived 
at the wrifts and elbows; but the principal 
blow is felt at the breaft, as if a blow from 
each fide met there. This plain and fimple 
experiment obvioufly fuggefts the exiftence of 
two diftinct powers in contrary direfions, and 
_ perfectly accords with thofe of Mr. Atwood; 
and is in direct contradiction to that affertion 
of the Franklinians, that the /ame quantity of 
electric matter which is thrown upon one of the 


furfaces of 2a in the operation of cHarging is 
i driven 
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driven from the other, and that, ia the dif. 
charge, the fame quantity returns from the one. 
furface to the other. 

Mr. Volta, in the following argument and 
-experiment, fairly gives up the foregoing pofi- 
tion, and endeavours to accommodate his ex- 
periment to an re that it abasic: dif 
proves. 

The fubfequent account is extracted from a 
very long paper of Mr. Volta, in the la de 
Phyfique for 1779. 

+ Let us fuppofe that 2, 4, ¢, de, f g, B, %, 
k, 1, m, n, 0, hold hands; let a grafp the out- 
fide of a charged Leyden phial, and o touch the 
knob; at the inftant o receives the fire dif- 
charged from the infide by the knob, a will 
furnifh from his natural ftock to the outfide, 
without waiting till the fire arrives to him from 
6, by 2, to m, &c. in the mean while the lofs 
of a is compenfated from 4, and d is furnithed 
with frefh matter from c, and fo on. — It is ftill 
true, that there is but one ftream, if we confi~ 
_ der only the direction of the fluid, which is exs 
cited fimultaneoufly at the two extremities, and 

‘ moves at the fame inftant of time; though, to 
{peak more accurately, it is not one ftream, but 
two unitedin one. Ifthe extreme rapidity with 
pai ie fire paffes, did not prevent our per- 
ceiving. 
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ceiving the fucceflive commotions received by 


the perfons who form the chain, we fhould find 
- they did not follow the order 0, 2, m,/, but were 
felt fimultancoufly, firft at the two extremities o 
and a, then at # and ¢, mand c, &c. advancing 
towards the middle of the chain. Agreeable to 
this, if the bortle is fall, the longer the circuit 
is made, thofe who are furtheft from the extre- 
mities find the fhock weaker. 

To render this account more clear, feparate 
the circuit, and form on a dry floor two rows, 
a, b,c, d,—e, f, g, , interrupted in the middle ; 
let e grafp the bottle by the outfide, and a excite 
the difcharge by touching the knob of the bot- 
tle ;.now, if the electric fire was obliged to take 
the fhorteft courfe to come to the exterior and 
negative furface, it ought to defcend to the feet 
of 2, pafs over the boards to the feet of d, and 
then through him to the outfide, without acting 
on f; g, ’, which would be out of it’s circuit. 
But, contrary to this, the fluid goes out of the 
direé&t courfe, to follow that of the conduding 
perfons, which afford it a proper receptacle, 
and comes to the outfide by another fource. 
The fire which goes from the infide from ¢ to f, 
g, b, gives them a fenfible fenfation in their 


hands and their heels, thewing itfelf by a {park, 


if the hands and the feet are feparated a little 
Lae Wee STOR 
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from cach other, and finifhes by diffipating it- 
felf in the common refervoir. In the fame man- 
ner d, who firft gives the fire to the outfide, 
receives it fucceflively from c, 4, a, who all draw 
it in from the floor. The ftream therefore, 
which proceeds from the knob of the bottle, 
pafling through the conduéting fubftance, lofes 
itfelf in the general fource; while, from the 
fame fource, a fufficient quantity is taken to 
fupply the deficiency of the exterior furface. 

lf f, g,; b, do not form a chain, but are irre- 
gularly placed round e, the pofitive-part of the 
fluid may be feen to fpread irfelf on different 
fides, and divide itfekf in different branches to 
reach the floor. The fluid will’ in the fame 
manner rife from the floor to reach d, if a, 4, 
and ¢, are irregularly placed round him; fo that 
each furface excites it’s own ftream; one that. 
enters the bottle, the other proceeding from 
it. Thus alfo, in the experiments of Dr, 
_ Watfon, where it has been fuppofed that the 
electric fluid has made fuch amazing circuits 
through rivers, over fields, &c. the fluid from 


% 


the infide was difperfed in the river, at the in- 
{tant that the outfide collected, from the fame 
fource, fupplies for it’s own deficiency. 

- It appears alfo, from other experiments, that 
one fide of a charged electric may contain more 


of 
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of one power than is fufficient to balance the 
contrary power on the other fide. For, if a 
charged jar is infulated, and the difcharge is 
made by a difcharger with a glafs handle, after 
the explofion, the difcharger, and both fides of 
the jar, will poffefs a contrary power to that 
obtained on the fide of the jar, which was 
touched the laft before the difcharge. 

Let us now fora few moments turn ourfelves 
to Mr. Eeles, and hear him fpeak for himfelf.* 
The electric matter confifts of two diftiné elaf- 
tic mediums, or powers, which equally and 
ftrongly attract, and condenfe each other, and 
are equally attracted by all matter: — 

Hence when any body is immerged into an 
electric atmofphere, this atmofphere not only 
repels that power of electricity in the body 
which is of the fame kind with itfelf, but equally 
attracts the power of a different kind which is 
in the body; and the two powers are feparated 
in the body, as long as it remains immerged in 
the electric atmofphere. 

It is abfurd to fuppofe that bodies negatively 
electrified are deprived of their natural fhare of 
electricity, for they are no more deprived of it, 
than when they’are pofitively electrified ; and 
it is a manifeft contradiction, to fuppofe that 
: De : bodies 


* Extratted from “ Philofophical Effays,” in feveral 
Letters to the Royal Society, by Henry Eeles, Efq. 


Palin, 
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bodies will repel each other further, the more 


they are divefied of the power of repulfion, 
Betides, when a body is. electrified negatively, 
it is impoffible for any one, by any effeés of that 
body on another body which is not electrified, 
to know it is thus electrified ; unlefs by bringing 
a light fubftance electrified with a known power, 


to try whether it will be attracted or repelled. 


With refpec to the Leyden phial, when the 
bottle is charged, it is equally electrified on 
both fides, but with the different powers of 
electricity ; and when a communication is made 
by a conductor, the increafed power -without 
ie in, and the increafed power. within flies 

; for thefe powers ftrongly attract and con- 
nate each other when in equilibrium, or in 
their natural ftate, and therefore do not in that 
ftate exhibit any fenfible action. 

Glafs may be equally electrified on both fides, 
awith either the refinous or vitreous power: the 
Leyden phial infulated, may be charged with 


either of the powers on the infide, and the other 


power on the outfide, by only immerging it in, 


‘the atmofphere of a body electrified with either. 


of thofe powers; and may be difcharged and 
recharged i in different order, without contact or 


- communication with any thing but that atmos 


{phere. ' 
Glafs 


i 
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Glafs is not impervious to the electric pow- - 
ers, for with excited glafs, or wax, you may 
electrify a body through glafs with either power. 

EXPERIMENT xxv.—Take a piece, of bog~ 
down;* fufpend it by filk; then take a pane of 
clean fafh glafs, and warm it, and let the down 
hang to the fide of it; then bring an excited 
electric to the other fide of the glafs, and the 
down will fly off perfectly ele€trified, in the fame ° 
manner as if the glafs had not intervened. 


Ifthe excited electric be glafs, the down will | 
be electrified with the vitreous power; and if 
wax, with the -refinous power. Dr. Franklin 
fays, they are different powers thrown from the 
oppofite fide of the glafs: to do this, he mutt 
allow two different diftin& powers to exift in — 
all glafs, which overfets his whole doctrine, 

Dr. Franklin alfo afferts, that glafs cannot re=- 
ceive electricity on one fide, without parting 
with an equal portion of it’s natural fhare on the 
_ other fide. But in this he is entirely miftaken, 
for. you cannot electrify a pane of glafs on one 
fide, but the other fide will be equally electrified 
with the fame power; except you form a com- 

14 . raunicasagn 


| * My, Feles ufed bog-down, which, et informed is 
mauch more fenfible than threads with a pith ball, 
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munication from one fide‘of the glafs with non- 
electrics, while you electrify the'other fide ; and 
then, be your excited electric either refinous or 
vitreous, it will repel the power of the fame 
Kind from the glais, and attract the contrary 
power from the non- spate te 

ExprrtMent xx1i1.—Set a Leyden‘phial on 
a clear dry electric ftand, fo that a different 
- power from:that you attempt to charge it with 
cannot be drawn up to the outfide, and both 
fides will be electrified with the fame power, 
whether vitreous or refinous. 

EXxpeRIMENT XXIV.—To elecirify a pane of glafs 
equally on both fides, either with the refinous or vi- 
ireous powers, and that by the atmofphere of a con- 
duéor eleGrified by either of the powers. Pafs ten 
{trong knitting-needles through a ftick, fo that 
they may lie parallel to, and within half an inch 
of each other, (if they are pointed, the purpofe 
will be better anfwered,) then fix a wax or Bie’. 
handle to your ftick. 

When the conductor ‘is ele€trified, bring the 
pane of glafs near it, ‘and draw the points of the 
wires, ‘which are neareft the conductor, a few 
times flowly over the glafs, beginning at the 
fide of the glafs next the conductor, and draw- 

| ing 
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ing them from the conductor, and you will find 
this pane of glafs electrified equally on both 
fides, with the power contrary to that of the 
conductor. 


EXPERIMENT xxv.—To elec7rify the gla/s with 
the fame power as the condudéfor. Place one end 
of the wires near the conductor, and draw your 
glafs under or over the other points that are from 
the conductor, and the glafs will be electrified 
equally on both fides with the fame power as the 
conductor. | 

EXPERIMENT xxvi.—To electrify a pane of glafs 
equally on bolb fides with the vitreous power, by ex- 
cited wax ; and with the refinous, by excited glafs. . 
Take a clean, dry, warm pane of glafs; placea 
{mall bundle of linen rags, fufpended by filk, 
- or a fheet or two of paper, folded like a letter, 
or any non-eleétric, on the glafs; bring ‘an ex- 
cited tube under the pane, and in contact with, 
or very near it; and when it has remained 3 or 
4 feconds, tofs off the rags, or papers, and in- 
ftantly withdraw the tube, and you will find the 
pane of glafs electrified on both fides with the 
vitreous power, and the non-electric which 
was on the pane with a contrary power. 


To explain thefe phenomena, The two con- 
| . trary 
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trary powers of electricity are equally adhefive 
to the pane of glafs, as they are indeed to all 
qmatter; they attract and condenfe each other 
into almoft an infenfible fpace, and do not in 
that ftate exert any fenfible action;* but the 
atmofphere of the non-electric drives part of the 
fame power out of the glafs into the non-— 
electric; and at the fame time attraéts the con- 
trary powers of electricity into the glafs, 

Now the non-electric being taken away, the 
different powers in the glafs are rendered une~ 
qual to each other; and the increafed power, 
hy it’s elaftic force, (the attraction of the other 
power being leflened,) expands itfelf into an 
extenfive atmofphere; which atmofphere acts, 
an all refpects, like the atmofphere of any elec- 
tric excited by the fame power. 

For all electrics are excited in the fame man~ 
ner, by the feparation of the contrary powers, 
~ which are equally inherent in them and all other 
bodies, tili feparated by friction, &c. And the 

| reafon 


‘ This pofition is illuftrated by all the experiments 
when there is any {clution of continuity, as in breaking a 
ftick of fealing-wax; as in the ele&trophorus, condenfer, 
doubler, &e. which, on the other hypothefis, are very ob- 
fcurely explained, if explained at all. Mr. Wilfon’s ex- 
periments with the tubes and pith balls, are alfo further 
illuftrations of Mr, Ecles’s opinions. 
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yeafon why non-electrics cannot be electrified, 
unlefs they are infulated, is becaufe the differ. 
ent powers change place fo quickly ; for the at- 
mofphere of an excited non-electric always at- 
tracts one power in the non-electric, and repels 
the contrary ;* yet, as foon as it is removed, 
the powers inftantly unite by their mutual at- 
traction. 


_ Expertment xxvil.—d Leyden pbial | being 
Sufpended by filk, to charge, difcharge, and recharge 
it with the powers in the conirary order, only by the. 
aimo[phere of an eleécfrified conduéor. meen 
_. Fix fome {harp pointed wires to the coating 
ofa bottle, fo that they may proje¢t an inch be- 
low the coating. Fix fome fharp pointed nee- 
dles | ‘projecting upwards) to the rod in the in- 
fide of the bottle, fufpend the bottle by filk, and 
bring it fo that the rod from the infide may 
point to the conductor. While the wheel is 
turning, let it remain there for fome time, and 
_ you will find the infide charged with the fame 
- power as the conduétor. 

Now fufpend the bottle over the conductor 
for the fame time, with the wires from the bot- 
tom, pointing to the conductor, and you will 
find the bottle to be difcharged. But let it re- 

| | main 


* See this clearly proved by Wilfon’s Experiments, 
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main as long again, and the bottle will be re- 
charged, but in a contrary order to what it was 
at firft. 


Porn conduétor being electrified with the 
vitreous power, attracts the refinous power from 
the infide of the bottle, and the non-electric 
contained therein, and enters itfelf in the room 
thereof, till the infide is electrified like the con- 
ductor with the vitreous power. 

The vitreous power on the infide repels the 
_ vitreous power on the outfide through the points 
of the wires, and attracts the refinous from the 
air till through the points it arrives at the outfide 
of the bottle, where it meets a refiftance from 
the glafs, and is there held in firm contact by 
the attraction of the contrary powers on the in- 
fide of the bottle, and thus the bottle remains 
charged when taken from the atmo[phere of the 
conductor, 

When the experiment is reverfed by enn 
the wires at the bottom of the bottle pointed to- 
wards the conductor, the vitreous atmofphere of 
the conductor attracts the refineus power from 
the outfide, and adds to the vitreous power * 
already there ;‘this power repels the vitreous , 
power from the infide, and attraéts the refinous 
power through the needle, till the bottle be- 
comes charged in a contrary order, : 
: | hee Pe The 
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The whole of electricity and excitation de- 
pends on the feparating the vitreous and refinous 
powers by leffening the one and increafing the 
other. In excited electrics, thefe powers are 
never entirely feparate, but the leffened power 
acts inward to the electric, and the increafing 
power acts outward from the electric, ‘with an 
extenfive atmofphere. 

Mr. Franklin afferts, that glafs cannot 1 receive 
electricity on one fide without parting with fo 
much of it’s natural fhare on the other fide: but 
this is demonftrably falfe. Fora pane of glafs 
may be electrified equally on both fides with 
either power ; or the Leyden phial, when infu- 
lated, may be electrified at both fides with 
either power, 

M. Nollet, when he talked of affluences and 
effluences, was in a great degree right ; but he 
knew not that it was an affluence of. one power, 
and an effluence of another: all his experiments 
which prove a double current makes. directly 
againft the Franklinian fyftem, and in favor of 
the two powers. 

That there is an affluence and effluence, may 
be proved by many experiments, of which one 
only will be mentioned here, namely, the com- 
mon one with the dancing images. | 

Expe- 


+ 
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ExprrIMent -xxviti.—When you dry the 

head of one of thofe images, the power thrown - 
out from the conductor, cannot enter the image 
with the fame facility with which the contrary 
power from the table enters at the feet, which 
are not fo dry; this will therefore afcend to the 
upper plate, and remain there. Reverfe the ex- 
periment ; dry the feet and wet the head, and 
the images will fix themfelves to the lower plate. 
If the image retains fo much more of the at- 
_ tracted power as will ballance againft it’s weight, 
than there is of the contrary power which pro- 
‘ ceeds from the conductor, the image will be fu 
pended between the two plates. 

‘This may be effected by making the head of 
the image broad and round, which does not 
admit the power coming out fo readily as the 
feet, being fharp, admit the power geing in; 
a minute alteration will make the images dance, 
or remain fixed to one of the plates. 

It is not bare matter that is ailtratfed in thefe 
_ experiments, but the electric power which is 
inherent or adhefive to that matter. 


EXPERIMENT Xx1x.—To /hew that the eleéirit 
wers condenfe each other. Take two panes of 
clean fafh glafs that will lie evenly on each other ; 
place:a fheet of paper folded like a letter on 
your table, place the two panes on the paper, 
| and 
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and a like paper on the upper pane, then take a 

large excited elafs tube, and roll your tube over 
_ the upper paper; repeat the exciting and rolling 
g or 6 times; at the laft rolling take up’ your 
panes, upper paper, and tube together, and 
then immediately take off the tube and upper’ 
paper; then bring the two panes joined together 
to a piece of bog-down fufpended by filk, and 
you will find the panes thus joined have very 
little effect on the down. 

Separate the panes, and each pane will be 
{trongly electrified, the upper pane with the 
vitreous power on both fides, the under. one 
with the refinous power on both fides: touch 
the down with either pane, and it will be repelled 
by that, and attracted by the other. 

Place your panes together as at firft, and then 
you will find that the powers condenfe each 
other, fo as to have very little effeét on the 
down: but as you feparate the panes, you will 
find the different powers a& as before. ; 

The panes, if they le in conta with each 
other, and are highly electrified, will ftick to- 
gether by their mutual attraction, and feparate | 
with a {map. . | 

_ If the experiment be made on a pewter plate 
placed on a glafs ftand, you will find the sine 
have SADE place Hue? the whole ; 


Wiircous . 
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vitreous power of the tube attrafting part of the 
‘refinous power from the firft glafs, and adding 
part of it’s own vitreous power to the glafs; by 
which means the glafs becomes electrified with 
vitreous power, which repels the vitreous power 
of the paper and plate into the under glafs, and 
thus the under glafs is electrified with the re- 
finous, and the plate with the vitreous power. 


A due confideration of the foregoing experiments 


qwill explain all the tranfactions of the electric powers. 
For in exciting, the rubber always draws off as 


much of one power as it adds of the other, and 


is therefore always electrified with a power 


contrary to the increafed power of the excited © 


electric. 

When an excited electric electrifies an infu- 
lated non-electric, it draws as much of one 
power from it as it gives of the other, and is 
therefore as much unelectrified itfelf as it elec- 
_ trifies the non-electric; and thus this change 
goes on till the powers become equal to each 


other, which, in non-electrics, is done almoft 


inftantaneoully. 


EXPERIMENT Xxx.—Place a charged bottle 
upon an electric ftand, and let a cork ball, fuf- 
pended by filk, hang againft the outfide of the 
bottle ; touch the top of the bottle, and the ball 


flies 
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flies off ftrongly electrified with the refinous 
power; and thus you may go on for a great 
number of times, to alter the balance within 
fide and without fide the bottle, by alieuiately 
touching the top and bottom. 


Now can any Franklinian fuppofe, that it is 
the return of their pofitive power to the emp- 
tied fide of the glafs, that electrifies the down 
negatively ? | 

The truth is, when you touch the to you 
take a fpark of the vitreous power from the in- 
fide, and in exchange give as much of the re- 
finous, thereto, which leffens the attraction of | 
the vitreous power on the infide, and leaves the 
refinous power without fide in greater quantity 
than the vitreous on the infide, and confequently 
at liberty to exchange powers with any non- 
electric in contact with it; and thus the ball 
becomes electrified with the refinous power. 


EXPERIMENT xxx1.+-Take two fheets of pa- 
per, folded: like large letters, and place them 
on your table, with a pane of clean dry glafs on 
each paper; then take a large glafs tube, weil 
excited, and roll it over one of the panes; then 
take up the pane and tube together, and inftantly 
withdraw the tube, you will find that pane 
| ‘ K 3 ftrongly 
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ftrongly electrified at both fides with the refi- 
nous power, which Dr, Franklin fays, isathing 
that cannot be done. ; 

Repeat the operation, and while your pane is 
electrified with the refinous power, lay it on the © 
other pane for four or five feconds; take up 3 
your panes together, and then feparate them: 
you will find the firft pane flill electrified with 
the refinous, or minus power, and the other 
pane electrified on both fides with the vitreous 
power, or plus. 


~ 


‘Now if any man, fays Mr. Eeles, can frame 
or dhew.an hypothefis, to explain by the action 
of one fingle power, how a body divefled of it’s 
natural share of that power, can give another body 
an additional fhare of that power; they will — 
overfet all the rules of reafoning with which I 
arm acquainted. | ) 

It is readily explained, on the principle of 
two powers. ‘The firft pane having a greater 
quantity of the refinous power, repels the refi- 
nous power from the fecond pane, to the non- 
electric under it, and attracts an equal quantity 
of the vitreous power from the non-electric into 
the pane; by which means that pane has an in- 
creafed {hare of the vitreous power, which in- 
creafed power will, by it’s own elaftic force, 

expand 
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expand into an atmofphere, and therefore the 
pane will be electrified by that power. 

EXPERIMENT XxxiI,— for the further illuftra~ 
tion of the rectprocal exchange of the electric powers. 
Fix a wire to the under part of a coated bottle, 
fo that the point may fland upright; and on 
that point place the needle with the reverfed 
points. Place this bottle on an electric ftand, 
with a communication from the conductor. All 
the time the bortle is charging, the needle will 
turn; but, when the bottle is charged, the needle 
flops. Then touch the top of the bottle with 
your finger, or any conductor, and the needle 
will turn till the bottle is difcharged. Now 
while the bottle is charging, if you touch the 
needle with a piece of bog-down, fufpended 
by filk, you will find it electrified by the vi- 
treous power, which flics off in exchange for 
the refinous power drawn in from the air to the 
outfide of the bottle ; and while the bottle is dif- 
charging, if you touch the down in the fame 
manner to the needle, you will find it electrified 
with the refinous power, which flies off from 
the outfide of the bottle in exchange for the vi- 
treous power drawn in through the points from 
the air; while the vitreous power from the in- 
_ fide of the bottle makes the fame exchange for 
K 2 AP Eh 
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; ‘ 
the refinous power through your finger, to make 
thefe different powers equal to each other, with- 
infide and withoutfide the bottle. 


—— ee a ee 


e 


EXPERIMENT xxxtlI.— Place two Leyden 
bottles on an electric ftand, with their coatings 
in contact; and while you charge one from the 
conductor, let a perfon on the floor touch the 
top of the other bottle with his finger; you will 
find the firft bottle charged with the vitreous 
power infide, and the fecond with the refinous 
power infide. Now the exchange ‘here is evi- 

dent; for while the refincus power from the 
infide of the firft bottle changes place with the 
, vitreous thrown in trom the conductor, the vi- 
treous, from the coating, changes place for fo 
much of the refincus from the coating of the 
fecond bottle; and the vitreous in that bottle 
changes place for fo much of the refinous power 
drawn in through the man on the floor. - 

I could eatily, fays Mr. E. furnifh experi- 
ments fufficient to fill a great deal of paper; 
‘but I fhall only mention one or two which I 
often made, and have fhewn to many gentlemen 
verfed in this {ctence, which perhaps may puzzle 
the writers on this fubje%: but whoever can 
make them, muftand will underftand my doc- 
“trine of electricity ; and plainly difcover, that 

all 
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all that has been faid about pofitive and nega~ 
tive electricity, or a plus and minus of the fame 
power, has been to little purpofe, and only © 
 ferved to. keep men in the dark about this 
Tcience. ; 

Mr. E. had a glafs globe, entirely feneth, 
which, withthe fame rubber, he could make 
throw out the refinous or vitreous power, and 
electrify other matters with each power as often 
as he pleafed; and generally he could charge 
thefe powers in one revolution of the globe ; but 
in two or three revolutions he never failed to 
do it. 

He had another hie globe entirely {mooth, 
fupported by one glafs neck, from the equato- 
rial line of which globe he could electrify with 
the refinous or vitreous power as he thought 
proper, without applying a hand or any rubber 
to the globe, or any friction from the things to 
be electrified ; and what is more, he could elec- 
trify two things with ine different powers at the 
fame time. 

Fig hopes his readers will foraive him, for not 
explaining thefe experiments, till he fees who 
can make them, and explain them by the doc= 
trine of pofitive and negative electricity, or a_ 
plus and minus of the fame power. | 

As he has feen Mr. Prieftley quoted, for im- 
proving and methedizing the theories of Mr. 
| K 3 ! , Dufay, 
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Dufay, and Mr. Symmer; he obferves, that 
Mr. Dufay never thought of the co-exiftence of 
thefe different powers in all bodies; nor even 
Mr. Mufchenbroeck, long after him ; therefore, 
there was not any theory of Mr. Dufay’s to be 
methodized. His papers will appear to have 
been written to the Royal Society, before Mr. 
Symmer thought any thing of the matter; how- 
ever, as far as he has gone, he was right; and 
he thinks that Mr. Prieftley has made too much 
of a trifling objection to what Mr. Symmer has 
faid, that any man, from his own fenfations, . 
would be convinced that the powers came in 
oppofition from both fides of the bottle, by 
feeling a flight fhock in his wrifts, a flronger in 
his elbows, and fo on, Mr. Symmer did not 
fay that thefe powers did not circulate through 
the body, but that this fenfation would fhew 
their different direction; and, an explanation of 
thefe different fenfations depends on a know-. 
ledge of anatomy, and the action of thefe pow- 
ers on the different parts, which, it is poflible, 
that both Mr. Prieftley and Mr. Symmer may 
be ftrangers to. But this objection was only a 
pretext to mend Mr. Symmer’s difcoveries. 
Mr. Feles believes it will plainly appear to any 
gentleman, who does him the honour to read 
his papers with attention, that the only theory 
which 
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which Mr. Prieftley.could have methodized, 
muft. be what he took from his papers; if an 
hypothefis can be faid to methodize a doctrine 
which was clearly proved by experiments, ten 
years before. He pertinently afks, which of Mr. 
-Prieftley’s own numerous experiments, or what 
experiments of any other man, he has explained 
by his hypothefis? or how he has fupported this 
hypothefis, or whence he took it? For he has 
not produced a fingle experiment in aid of it, 
to fhew the exiftence, or manner of acting, of 
thefe different powers. Or, he would afk whe- 
ther his hypothefis has added-any thing to the 
truth, or explanation of what he has writ- 
ten? Or, if he had happened to have written 
that hypothefis, whether he fhould have put this 


matter ina clearer light than what he has done? __ 


Or, what man would have depended on-that hy- 
pothefis, without any other proof? So that he 
thinks Mr. Pricftley may fairly own from 
whence he framed his hypothefis; for, after 
reading thefe papers, Mr. Prieftley has fhut 
Mr. Eeles out of his hiftory of electricity ; 
though all his papers were addreffed to the 
Royal Society, of which he is a member; and 
it appears from the firft of them, that his at- 
tempt to fhew the electric powers were the 
caufe of thunder, was approved by that So- 

K 4. ciety ; 
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ciety; and is the only attempt, of that kind, 
: which ftands recorded in the Philofophical 
Tranfactions. As for the reft of them, with 
Mr. Prieftley and his hypothefis, he leaves to 
the judgment of unprejudiced readers. 


Co Am. 
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On tue Metnop or usinc THE Evectricar 
APPARATUS, AND A DESCRIPTION OF SOME 
ARTICLES THEREOF. 


Af R. Becket has well obferved, that an 
electrician fhould diveft himfelf of fear, 
though not of caution. There is no poffible dan- 
ger in any electrical experiments, except in the 
charging of large jars and éatteries; nor need 
he be under any fear from thefe, while he is 
careful not to touch any part of the prime con- 
ductor, or the wires leading to the infidé of the 
jars. : 

It is not, however, unufual for perfons,. who 
are but little acquainted with the nature of elec- 
tricity, to teftify evident marks of fear, upon 
their approaching an electrical machine: fome 
can {carce be prevailed on to receive the flight- 
eft difcharge from the phial, or even to take a 
{park from the conductor, though they fee others 
perform both without the leaft inconvenience. 
This want of refolution might be excufable in 
women and children, but one cannot help fmi-. 
ling at the timidity of a man who can exprefs 

: any 
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any apprehenfions at a momentary fmart, of a 
pain which is rather imaginary than real, and 
can feldom be of half a fecond’s duration.* 
Though I have already mentioned the pre. 
cautions to be ufed, and the directions to be fol- 
lowed in exciting and ufing an electrical ma- 
chine, yet I hope a repetition will not prove 
unneceflary ; the more fo, as it is evidently for 
the intereft of the fcience, that every thing be 


made as plain and clear, as eafy and inviting, - | 


as pollible to. beginners. 

When the weather is clear, and the air frosty. 
the electrical machine will generally work well; 
but when the weather is damp, it will be ne- 
ceflary to bring it into a warm room: the cy- 
linder, all the infulating pillars, and the tops 
of the jars, &c. fhould be made thoroughly dry, 

Clean the cylinder and \wipe the filk, then 
greafe the cylinder, by turning it again{t a 
greafed leather, till it is uniformly obfcured. 
Turn the cylinder till the filk has wiped off fo 
much of the greafe as to render it femi-tranf- 
parent. 

Put fome amalgam ona piece of leather, and 
{pread it well, fo that it may be uniformly 
bright; apply this again{ft the turning cylin- 
der; the friction will immediately increafe, and 

the 


* .Becket’s Eflay on Ele@ricity, p. 15. 


~ 


¢ 
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the leather muft not be removed until it ceafes 
to become greater. 

If feveral jars are connected together, among 
which there is one that is apt to difcharge itfelf 
fooner than the other jars, the reft of the j Jars 
will be difcharged with it, although by them- 
felves they may be capable of holding a very 
great charge. | 

To difcharge a jar, a communication mutt, 
be formed between the outfide and the infide of 
the jar, by a conducting fubftance. Thus, if 
you place one hand in conneétion with the out- 
fide coating of the jar, and touch the ball with | 
the other, the jar will be difcharged, and you 
_will receive the fhock. To avoid this, three 
kinds of di/charging rods have been contrived ; 
one of thefe, reprefented fig.r, pl. Il. is a femi- : 
circular brafs wire, furnifhed with two brafs 
balls, one at each end of the wire. The /econd 
is fimilar in fhape, and is called the luminous di/- 
charging rod; the brafs balls are connected to-, 
gether by a piece of iron chain, which paffes 
through a glafs tube; the handle is of wood: 
‘in the difcharge, luminous brufhes are perceived 
at each junéture of the chain; this effect will 
not be produced by a brafs chain. The bird is 
a jointed difcbarging rod with a glafs handle, fig. 2, 
pl. II: the legs of this are moveable, and may 

1g be 


oe 
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be fet to any given diftance by means of the 
joint c, which renders it exceedingly convenient 
in a variety of cafes. The extremities of the 
legs are pointed; the points enter into the balls 
a, &, which are {crewed on the extremities, and 
from which they may be unfcrewed at pleafure : 
fo that either the balls, or the points, may be 
ufed as occafion requires. ‘Thefe three kinds of 
difcharging rods are ufed in the fame manner; 
that is, to difcharge a jar with them, you place 
~ one ball of the difcharging rod on the external 
coating of the phial, then bring the other to 
touch the knob of the wire which communicates 
_with’the infide of the jar, when an explofion 
will take place, and the phial will be dif 
charged. It is fcarcely neceflary to fay, that 
the jointed and luminous difchargers are to be 
held by their refpective handles; and the plain 
one by the femicircular part of the wire, 
_ Mr. Brooke afferts, that the fpontaneous dif- 
charging of a phial is much facilitated by it’s 
being made very dry and clean, inicmuch that 
a jar will not take fo great a charge, when quite 
clean and dry, as it was otherwife capable of 
being made to take: fo that in order to give 
_the greateft poflible charge toa Leyden phial, 
it feems neceffary that fomething of a very flight 
oilinels fhould be rubbed over it’s furface, fome- 
thing 
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thing nearly of a non-conducting fubftance ; 
perhaps a flight coating of tallow. If the elec- 
trical apparatus be. kept in a very warm, dry 
room, the advantage of foiling the naked part 
of the glafs will foon appear; but if the appa- 
ratus be kept in a cool room, where there is 
neither fire nor fun, the above-mentioned me- 
thod will be of little ufe. iY 

For the purpofe of charging batteries, or 
large jars, a large conductor is very difadvan- 
tagcous ; the battery fhould alfo be placed at 
fuch a diftance from the machine and prime 
conductor, as to be as far as poffible from their 
atmofpheres. If the machine and prime con- 
ductor be very large, the perfon who works the 
machine fhould be infulated. 

Mr. Brooke fays, that a certain quantity of 
conducting furface difpofed in length, and 
joined to a prime conductor, added more to 
the ftrength and pungency of a fpark, or ftroke, 
than the fame quantity difpofed in thicknefs 
and joined to the fame conductor.” 

It is advifeable not to handle a jar, or bat- 
tery, even after it has been difcharged, as there 
is often a confiderable refiduum: this may be 
got rid of by applying the difcharging-rod 
twice, or even thrice, to the jar, &c. 


¢, . To 


* See Brooke’s Mifcellaneous Experiments and Remarks 
on Eleétricity, &c. 
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To avoid a fhock, be careful never to touch 
the top and bottom of the jar at the fame time, 
nor ever to enter a circuit formed between 
the infide and outfide of a jar. 

- Acharged phial, fet upon electric fubftaaces, 
(infulated,) may be taken hold of without dan- 
ger, either by the coating or the wire. 

The outfide of a charged jar may be handled 
with impunity. If the knob alone be touched, 
only a pricking fenfation will be felt, the dif- 
charge will be filent and without explofion. 

If any conducting fubftance be near the ma~ 
ehine while working, it generally receives part 
of the electric matter, and carries it off: it is 
therefore proper to remove every thing to a dif 
tance that is not immediately wanted. The 
flame of a candle near the cylinder, or any part 
of the conductor, effectually takes off the elec- 
tricity, and {poils the operation. 

When the infulating ftool, whofe feet are of 
glafs, fee fig. 8, pl. II. is made ufe of, it is very — 
advantageous to place a fheet of clean dry - 
paper under the feet. 

When a chain is fufpended from the rubber, 
all bodies in contact with the prime conductor 
are faid to be pofitively electrified ; but when the 
chain is fufpended from the prime conductor, 
all bodies in contact with the rubber, or cufhion 

connected 
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connected with it, are faid to be negatively elec 


trified. 
Of the Apparatus figured in the Plates. 


Fig. 13, plate IT. reprefents the plates and fland 
for dancing images. F is a circular plate of brafs, 
or copper, to be fufpended horizontally from 
the conductor by a chain or wire; G isa fimilar 
but larger plate, and is to be placed parallel to 
the former, and is fupported by a brafs ftand J, 
the upper part of which may be raifed or low- 
ered at pleafure. 

Fig. 25, plate II. reprefents two wires, placed 
parallel to each other, for the fame purpofe; in 
this way, however, it is difficult to make a 
experiment fucceed. 

Fig. 17, plate II. is a fet of Sells: no experi- 
ment illuftrates better the general principles of 
electricity than this {mall apparatus. V Y a wire 
to which the bells are attached; RS a bent wire, 
to fufpend them from the conductor; the two 
outer bells are connected to the wire VY by 
chains ; but the middle bell, and fmall clappers 
between the bells, are fufpended by filk threads. 
From the concave part of the middle bell, a 
brafs chain X procceds, defigned to fall upon 
the table; a piece of filk thread fhould be tied 


to the extremity of this chain. 
Fig, 
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Fig. 18, tat II. reprefents a more elegant 
form of mounting the bells. The pillar A is 
of glafs, the crols on the top thereof is of brafs, 
the four outer bells are affixed to this by wires 

or chains, the clappers are fufpended on filk 
threads from the crofs, the middle bell com- 
municates with the ground by the foot. To 
ufe thefe, the knob 2 muft be in contact with 
the conduétor. 

Fig. 1g, plate lL. @ fet of mufical bells. In thefe, 
the clapper is fufpended from the fy bcd; the 
axis of the fly refts in a fmall hole, on the top 
of the pillar e f, in which it turns with great 
freedom; bells of different tones are placed 
round the boards hik. 

To ufe thefe bells, remove the prime conduc. 
tor, and place the bells fo that the fly may be 
near the cylinder; when the electric fluid has 
put this in action, if will caufe the fly, to turn | 
round ; the clapper will {trike each bell in reta- 
tion, and thus produce a pleafing and harmo- 
nious effec. — 

Fig. 14, plate Il. a bees wire, with two cork 
balls fufpended thereto with filken thr eads. 

Fig. 10, plate Il. a fimilar wire, with two 
downy feathers fufpended by linen threads. 

Fig. 20, plate I. a bundle of thread tied to- 
gether at each end. 

: Fig. 
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Fig. 12, plate II. awire ring, to the circum- 
ae of which fome fmall pieces of thread 
are tied; the projecting piece from the ring fits 
into the ftand, belonging to the plates and ftand : 
Za wire with a few fhort pieces of thread fitting 
into the conductor. _ 

Fig. 22, 23, 24, 25, 26, 27, {mall cylinders of 
wood or brafs tubes on infulating ftands, fur- 
nifhed with pith balls; four tubes and ftands are 
generally enough. ‘The experiments with this 
little apparatus are interefting and inftructive. 

Fig. 3, plate IT. -reprefents the univerfal dif- 
charger; an inftrument which is of very exten- 
five ufe in forming communications to direct or 
convey the electric fhock through any part of a 
given fubftance. Many.examples of the utility 
of this inftrument will occur in the courfe of 
this Effay. 

AB, fig. 3, is the bafe of the univerfal dif- 
charger; on this are fixed two perpendicular 
glafs pillars. C,D; on the top of each of thefe 
is cemented a brafs cap, to which is fixed a 
double joint, or one which has both a vertical 
and horizontal motion; on the top of each joint 
is a {pring tube which receives the wires ET, 
EF; thefe wires may be fet at various diftances 
from each other, and turned in any direction ; 


the extremities of the wires are pointed, the 
| L 3 points 
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points are covered occafionally by the brafs 
balls, which are made to fit on the wires by 
fpring fockets: GH is a fmall wooden table,, _ 
on the furface of which a flip of ivory is inlaid; 
this table is furnifhed with a cylindrical ftem, 
which fits into a cavity of the pillar I; it may 
be raifed occafionally to various: heights, and 
fixed at any one of them by the fcrew K. 

Fig. 4, plate U1. is a little wooden prefs; fur-~ 
nifhed with a ftem, which fits-the cavity in the . 
pillar I, fig. 3, into which it is to be placed 
occafionally, when the table GH is removed. 
The prefs confifts of two boards, which are 
brought clofe to each other by means. of the 
{crews aa. 

Fig. 5, plate If. is Mr. Kinnerfley’s elec-. 
trical air thermometer ;. ab is a glafs tube, on 
each end of which a brafs cap is cemented; ed. 
is a fmall glafs tube, open at both ends, which. 
paffes through the upper, and defcends nearly to. _ 
the under plate: a box feale, which is. divided: 
into inches and tenths of inches, is fitted to the 
upper part of this tube; g is a brafs wire with 
a ball on it, which is fcrewed to the under plate; 

a fimilar wire fh is made to pafs through a col 
Jar of leathers on the upper plate, and may be 


placed at any convenient diftance from the lower’. 
Wike, | 


. Fig. 
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Fig. 1, plate IL. a femicircular difcharging 
RO : | 

Fig.-2, plate II. a jointed ditto. Thefe 
have been already defcribed. © 

Fig. 6, plate I. a quadrant electrometer. . 

Fig. g, plate UW. Mr. Townfend’s elefrometer. 
Thefe inftruments will be defcribed under the 
article electrometers. af 


Of the Apparatus figured in Plate WU, IV, V. 


Fig. 34, plate ILL. the eleétrical flyer confifts 
of two fharp pointed wires, jointed at the cen- 
ter; the ends of the fame wires are bent con- 
trary ways; the center at K is a fmall con- 
cavity, that the flyer may be placed on the 
pointed end of the wire L; the wire L is to be 
placed in one of the holes on the top of the 
conductor; when electrified, the flyer will turn 
with as much velocity as the flyer of a common 
jack. 

Fig. 35, plate III. eee a fimilar flyer, 
acting in a different pofition, the axis being at 
right angles to the flyer, with two {mall pullics, 
‘one at the end of each axis; the wires MN, 
OP, fhould be infulated, and the EBD to 
the horizon very fall. 

Fig..36, plate IL. a flyer iti as a crane 
to raife a {mall weight. . | 
ek ec Fig, 
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Fig. 37, plate III. a fet of flyers. 


Fig. 31, plate LI. she /piral tube, compofed 


of two glafs tubes, one within the other, and 
clofed with two knobbed caps of brafs. The 
innermoft tube has a f{piral row of {mall pieces 
of tin-foil ftuck upon it’s outfide furface, and 
laying at a fmall diftance from each other: it is 
-to be held by one end; the other end is to be 
prefented fo as to take fparks from the prime 


conduétor, which will be feen in a pleafing 


manner at all the interftices between the fpots 
of tin-foil. 

Small round pieces of tincfoil are fometimes 
ftuck on flat pieces of glafs, one fide of the glafs 
is painted with different tranfparent colours; the 


fpark feen through thefe appears of the colour — 


through which it is feen. 
Fig. 32, plate lil. a luminous word acting 


upon the fame principles; the word is formed 


by {mall feparations made in the tin-foil; a 
chain is to be fufpended from the hook h; the 


ball G is to be prefented to the conduétor fo as.” 


to take {parks therefrom. 

Fig. 98, plate V. a fet of /piral tubes oleae 
round a board; in the center of the board is an 
infulated pillar, on the top of this is a brafs 
cap, carrying a {mall fteel point; a brafs wire 
furnifhed with a ball at cach end, and’ nicely 


yey balanced, 
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balanced, is placed on the point. The middle 
of this wire fhould receive the fparks from the 
conductor, or a bent wire and ball affixed to 
the conductor. 

Fig. 38, pl. I/7. the apparatus fold at the 
glafs-fhops for making inflammable air. 

Fig. 39, plate III. the elefrical piftol for firing 
inflammable air. This piftol is to be filled with 
inflammable air, as defcribed in thefe Eflays ; a 
cork ts to be put into the end ac, to prevent the 
efcape of the air; fig. 41, a {mall cap to be 
taken off when the piftol is in ufe; under this 
cap is the brafs ball n, fig. 40, which is to re. 
ceive the fpark from the prime conductor. | 

Fig. 40, plate III. reprefents the part within 
the piftol, by which the fpark pafles through 
and fires the mflammable air. 

Fig. 49, plate Lil. the articles within the tthe 

of this figure conftitute what is called the Com- 
POUNDAPPARATUS; it is certainly a moft interefling 
part of the eletfrical apparatus, as well from the 
variety, as wsportance of ibe experiments performed 
qwith it. As it is particularly defcribed in the 
courfe of this Effay, I thall fay but little of it 
here: it confifts of two fmall Leyden phials 
H, I, one of them (H) furnifhed with a brafs 
belt; an exhaufted flafk E which is called the 
Leyden vacuum; an exhaufted tube C, D, termed 
the luminous conductor ; an infulating pillar A, 


L3 on 
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on a foot B; M aboard, to put occafionally on 
‘the top of the pillar K L; two wires to fcrew 
to different parts of the apparatus. 

Fig. 42, 43 44,48, 50 SI, 52,54, 55, 56 
57, plate III. 59,60, 61, 62, plate IV. repre- 
fent ome of the various experiments which may 
be performed by the compound apparatus. 

Fig. 45, plate III. reprefents a jar with move- 
able coatings: the innermolt coating is to be 
taken out by the filk ftrings f, and the jar then 
lifted out from the external coating. 

Fig. 46, plate III. reprefents what is valligd 
the /potted bottle ; the outfide being coated with 
little pieces of tin-foil, which are placed at a 
{mall diftance from each other. | 

Fig. 47, piate III.. reprefents the doable Lottie, 
one being placed on the top of the other; with 
this many curious experiments may be per- 
formed. 

Fig. 53, plate III. the delied dorile, defigned 
to prove the direction of the electrical fluid in 
the charging and difcharging of the Leyden 
phial. | | 
» Fig. 58, plate III. the Leyden bells: an inter- 

efling apparatus, which affords much amufe- 
ment, while it illuftrates clearly the nature of 
the Leyden phial. , 

Fig. 63, 64, plate 1V. experiments with the 

univerfal difcharger. 


Fig. 
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Fig. 65, plate IV. ert a battery con- 
fifting of g jars. 

Fig. 66, plate [V. an apparatus for rendering 
eggs Jurminous. 

Fig. 67, 68, 69, 71, “se plate IV. experi- 
ments tending to {fhew the influence of knobs 
and points in producing an electrical explofion. 

Fig, 73, plate [V. an electrical cannon. 

Fig. 74,75, plate LY. an electrophorus. 

Fig. 76, plate LV. Mr. Cavallo’s atmo/pherical 
elefrometer. 

Fig. 78, plate lV. a conductor and claret 
meter connected with an electrical kite. 

Fig. 77, plate 1V. a {mall pail and pipe, for 
thewing the fubdivifions of fluids by electri- 
city. 

Fig. 84, Sc, 86, 88, 93, 100, plate V.: are 
different articles of a medico-electrical appa- 
ratus. 2 

Fig. 85, plate V. a Leyden phial, with a me- 
dical electrometer fixed to the top of it, and 
two directors, one connected with the top, and 
the other with the bottom of the jar; the figure 
reprefents the manner of pafling a fhock through _ 
the arm. 

Fig. 86, plate V. a Leyd-n phial, electrome- 
ter, and electrical forceps. 
Fig. 100, plate V. a director dud fmall bottle, 

L. 4 Pigs, At 
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in the form of a director, for conveniently giv- 
ing {mall fhocks. 

Fig. 93, plate V. a ari of directors and 
wooden point. _ 

Fig. 84, plate Vi two glafs tubes, with wires 
_ paffing through them, for communicating elec- 
tricity to the ear. 

Fig. 88, plate V. a tube for throwing fluids 
on any part of the body. 
' Fig. 89, plate V. is a perfpective view of the 
powder-houfe; the fide and the roof next the 
eye being omitted, that the infide may be more 
conveniently feen. The front of this model is 
fitted up like the thunder-houfe, and is ufed in 
the fame manner ; the fides of the houfe, the 
back, and fore-front, are joined to the bottom 
by hinges; the roof is divided into two parts, 
which are alfo faftencd by hinges to the fides; 
the building is kept together by a ridge on the 
roof; when the roof is blown up, it will fall 
down with the fides, the back, and fore-front. 
To ufe this model, fill the fmall tube a with 
gun-powder, and ram the wire ca {mall way in 
the tube; then connect the hook e with the bot- 
tom of a large jar or battery; when the Jar is 
charged, form a communication from the hook 
dto the top of the jar; the difcharge will fire 
the PREY and the anya of the gun-pow- 
“ der 
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der will throw off the roof, and the fides, the 
fore and back fronts will then all fall down. 

Fig. go, plate V. reprefents a wooden pyra- 
mid, defigned to fhew the experiments which 
are made with the thunder-houfe, and is ufed in 
the fame manner. When the piece a is thrown 
out by the difcharge, the piss part of the py- 
ramid falls down. 

- Fig. gt, plate V. reprefents the inflammable 
air lamp, invented by Mr. Volta. A isa glafs 
globe to contain the inflammable air; Ba glafs 
bafon, or refervoir, to hold water; D is a cock, 
which is to form occafionally a communication 
between the refervoir of water B, and that of 
air A; the water pafies into the latter through 
the metal pipe g g, which is fixed to the upper 
part of the refervoir A; at sis a {mall cock, to 
cut off, or open a communication with, the air 
in the ball, and the jet K. WN is a fmall pipe 
to hold a piece of wax taper, L a brafs pillar, 
on the top of which is a brafs ball; a is a pillar 
of glafs, furnifhed at top with a focket; a wire 
b fides in this focket, a ball is ferewed on to the 
end of the wire. F is a cock, by. which ‘the 
ball A is filled with inflammable air, and which 
afterwards ferves to confine the air and the water 
that falls from the bafon B into the ball A. 


; To ufe this inftrument, after having filled 
the 


* 
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the Rr vGir A with pure Bde Ms able €air, and 
the bafon with water, turn the cocks D and §S, 
and the water which falls from the bafon B will 
force out fome of the inflammable air, and caufe 
it to pals through the jet K into the air. If an 
electric {park is made to pafs from the brafs ball 
to the brafs ball , the inflammable jet; which 
pafies through the pipe K, will be fired. To 
extinguifh the lamp, fhut firft the cock S, and 
then the cock D. 

To fill the refervoir Aa with inflammable air, 
which is to be made in the ufual manner, and 
with the ufual apparatus, having previoufly filled 
A with water, place the foot R under water, on 
a board or ftool in a large tub of water, that the 
bent glafs tube, through which the inflammable 
air pafles, may pafs commodioufly under the 


foot of the lamp; when the air has nearly dri-- 


ven out all the water, turn the cock F, and the 
apparatus Is ready for ufe. This inftrument i 1s 
convenient to preferve a quantity of inflammable 
air ready for any occafional experiment, as char- 
‘ging the inflammable air-piftol, &c. It is alfo 
convenient to light a candle for ceconomical. 
purpofes, as the fimalleft fpark from an elec- 
trophorus, ot a {mall bottle, is fufficient to fire 


the air. 


mee: ji mall battery of baflemnmeetve air-pifiols is occa 
fionally 


/ 
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fionally made, that affords confiderable amufe- 
ment; as either one piftol, or the whole toge- 
ther, may be fired at the pleafure of the ope- 
rator. . 

Fig. 92, plate Y. ees a {mall elafs 
tube, ftopped at one end with a piece of cork ; 
& is a wire which paffes thr ough a piece of cork, 
fitted into the other end of the tube; the upper 
part of the wire is furnifhed with a brafs ball; 
the end of the wire within the tube is bent at 
right angles to the reft of the wire. 

Fig. 94, plate V. a glafs tube and wire, for 
making experiments on the conducting power 
of water. 

Fig. 96, 97; paw V. Mr, Brooke’s electro- 
meter. 

Fig. 80, 81, islate V. apparatus for atmofphe- 
rical electricity, contrived by Mr. Cavallo. 

- Fig. 100, plate I. electrical appearances from 
Mr. Bennet’s work. 

The many alterations that have been made in 
the plates of this work fince the publication of 
the firft edition, made in confequence of im- 
provements in the fcience itfelf, have rendered 
it almoft impoffible to keep the numbers; but 
from the care taken, by giving an account of 
the different articles in this chapter, it is hoped 
that the reader will meet with no difficulties on 
this head. 

Tig. 
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Fig. 1, 2, 3,4, 5,6, 7, plate I. electric ap- 
~pearances as defcribed by Mr. Nicholfon. 

Fig. 8, plate I. an electrical machine teh 
a fimple winch. 

Fig. 9, plate I. an electrical doubler. | 

. Fig. 10, plate I. Mr. Bennet’s electrometer. 

Figs t 1; 12, 13, plate I. Mr. De Sauffure’ S 
electrometer. 

Fig. 14, 15, 16, 17, fay as experiments on 


: air. 


Fig. 18, plate I. Mr. Bennet’s essen for 
atmofpherical experiments. 
Fig. 19, 20, plate I. experiments with ant 
Bennet’s electrometer. 
Fig, 22, plate I. the fpider-bottle. 


CHAT, 
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EwreSraininc ExpeRIMENTS BY THE ATTRAC 
TION AND REPULSION OF LIGHT BoDIEs, WITH 
SOME BAM ARES on ELECTRICAL ATTRACTION. 


pe”. philofophical {ciences afford fo much 
entertainment as electricity: in it the ufeful 
and agreeable are intimately blended; and the 
philofopher, while he is inveftigating the ab- 
{trufe parts, is entertained by the variety and 
beauty of the experiments, which confirm or 
difprove the hypothefis he withes to eftablith. 


EXPERIMENT XXxIv.—Lxpanded feather. Fix 
the end A of the wire A B, fig. ro, pl. Il. in the 
fmall hole which ‘is at the end of the prime con- 
ductor; turn the cylinder, and the feathers, which 
_ are connected with the wire by linen ‘threads, 
will feparate from each other; the fibrous and 
downy parts will become turgid, and expand 
in a pleafing manner, ina variety of directions. 

Prefent a metallic point, the finger, or any 
other conducting fubftance to the feathers, the 
downy parts thereof will immediately collapfe, 
the divergence of the feathers will ceafe, and 

they | 
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they will approach each other, and cling round 
- the non-electric bedy. 


The feathers feparate from each shes and 
tend towards unelectrified bodies, from the effort 
made by the electricity which is communicated 
to them to diffufe itfelf, and the refiftance it 
meets with from the air. 

A mutual attraction is exerted between a body 
that is ele@rified, and one which is in it’s na- 
tural or unelectrifted ftate; which laft; if not, 
- large and heavy, will fly through the air to the 
electrified body, where they remain till they 
have, by the communication, acquired the fame 
ftate, when they are repelled.) If a conduCor 
which is not infulated be at hand, it will attrac 
the fmall body thus electrified, and deprive it 
of it’s electric ftate; fo that it will be again at- 
tracted by the electrified body, and repelled as 
before; and will continue to pafs and repafs 
between the two, till the electric ftate is en- 
tirely deftroyed. , | 


Experiment xxxv.—Cork ball elerometer. Fix 
the end C of the wire C D, fig. 11 , pl. IL. into the 
hole at the end of the conductor, put the ma- 
chine in action, and the two fmall balls, cd, 
will recede from each other. Bring a conduct- 
ing se within the fphere. of their action, 

and 


799 
and they will fly towards it; touch the conduc- 
tor with a non-eleétric, and they will immedi- 
_ately come together. 

The balls do not always diverge fo much as 
might be expected from the action of their at- 
mofpheres, becaufe they are influenced by that 
of the conduétor. : | 

The balls, or feathers, will feparate, &c. in 
the fame manner, if they are annexed to a ne- 
gative conductor. 

EXPERIMENT XXXVI.—Animaied thread. Pre- 
fent a fine thread towards an electrified conduc- 
tor; when it is at a proper diftance, it will fly 
towards, and ftick to the conductor, and convey 
the electric fluid from it to the hand; remove 
the thread to a {mall diftance from the conduc- 
tor, and it will fly backwards and forwards with 
great velocity, and in a very pleafing manher : 
prefent the fame thread towards one that hangs 
from the conductor, they will attract and join 
each other. Bring a non-electric body, as a 
braf{s ball, near thefe threads, the ball will re- 
pel that held by the hand, and attract that 

which is affixed to the conductor: the upper 
thread renders the brafs ball negative, and there- 
fore goes towards it; while the under thread, 
which is alfo negative, is repelled. Let the ball 
be brought near to the lower part of the under 


one, 
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one, and it will be attracted by it. The junctioré 
of the threads arifes from the effort the electric 
fluid makes to diffufe itfelf through them. 
EXPERIMENT XxXXVII.—Radiating threads. To 
the’ edge of the brafs hoop bc d, fig. 12, 
pl. II. are faftened, at equal diftances from 
each other, fix or feven pieces of thread, about 
four inches long; a wire proceeds from the 
hoop, which fits into a cavity in the pillar D; 
ze is a brafs wire, to one end of which are 
- faftened feveral fmall pieces of thread; fit the 
plain end of the wire into the hole at the end 
of the conduétor, place the hoop bc d at right 
_ angles to the wire Ze, and directly over the 
threads at the end z; turn the cylinder, and the 
threads tied to the hoop will be attracted by 
thofe which are faftened to the wire ze, and will — 
point towards each other as fo many radii of a 
circle. The ele€tric fluid pafies from the threads 
of the wire into thofe of the hoop, and thus 
occafions the feeming attraction between them. 
Place the hoop bed on an infulating ftand, 
and when it is faturated with the electric matter, 
the threads which are tied to it will be repelled 
by thofe of the wire; touch the hoop, and they 
will be again attra&ted. If the hand is brought | 
near the threads, they will quit their central 
direction, and move towards it. The ends of 


the threads appear luminous in the dark. 
I.XPERI- 
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ExPERIMENT XXXVIII.—Dancing images. Saf. 
pend the {mall metal plate F, fig. 19, to the 
conductor by the hook H; place the ftand I 
directly under it, and the large plate G on the 
top of the ftand; the upper part of the ftand I 
is moveable, fo that the diftance of the two 
plates from each other may be occafionally va- 
ried. Lay {mall paper images, or any other 
light fubftances, on the under plate, then put 
the machine in aétion, and the light bodies will 
be attracted and repelled by each plate, and’ 
move from one plate to the other with confi- 
derable velocity. 


The light bodies placed on the under. platé 
become poffeffed of an electricity which is con 
trary to that of the upper plate, and are there- 
fore attracted by it, and acquire the fame elec- 
tricity with it; they are then repelled, and part 
with this electricity to the ftand, and are again 
in a proper ftate to be attracted by the upper — 
plate. That thefe bodies cannot be attracted by 
the upper plate, till they have acquired a power 
contrary to it, or till the equilibrium of the fluid 
in them is difturbed, will be evident from the 
following experiment. 

EXPERIMENT XxXx1x.—Remove the under plate 
and ftand, hold in it’s ftead, by one corner, a 

PSS pane 
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pane of glafs, which has previoufly been made 
very clean and dry; now, as glafs does not 
tranfmit the two electricities, no contrariety im 
the ele€iric flates of the conductor and the light 
fubftances can be occafioned, and therefore no 
attraction or repulfion is obferved., 

If a finger is prefented to the under fide of 
the glafs plate, the light bodies will be attracted 
and repelled: the caufe of this will be feen 
when the nature of the Leyden pnidl is ex- 
plained. 


Mr. Eeles,* {peaking of this alternate attrac 
tion and repulfion, fays, they may be agreeably 
varied, by wetting firft the head of the paper 
images, and when thefe are dry, wetting the 
idee | | 
« When you dry the head of one of thofe 
images, the power thrown out from the con- 
« ductor, cannot. enter the image with the fame 
facility with which the contrary power from 
“© the table enters at the feet, which are not fo 
« dry; this will therefore afcend to the upper 
plate and remain there. Reverfe the experi- 
« ment; dry the feet and wet the head, and: 
« the images will fix themfelves to the lower 
«plate. Ifthe image retains fo much more of 

i the: 


* Philofophical Efflays. Preface, page 25. 
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é* the attraed power as will ballance againft 
é it’s weight, than there is of the contrary 
«© power which proceeds from the conductor, 
*« the image will be fufpended between the two 
te plates. 

“ This may be effected by sali the head 
of the image broad and round, which does 
not admit the power coming out fo readily as 
‘* the feet, being fharp, admit the power going 
in; a minute alteration will make the images 
** dance, or remain fixed to one of the plates. 


ExpeRIMENtT xL:—Place a fquare piece of 
leaf brafs or filver on the under plate, hold this 
parallel to the upper one, at about five or fix 
inches from it, turn the machine, and the leaf 
will then rife up into a vertical fitudtion, and 
remain between the two plates, without touch 
ing either of them: Prefent a metal point to- 
wards the leaf, and it will immédiately fall 
down: : ay 

EXPERIMENT XL1.—-Moving leaf: Place a brafs 
ball at K, Hors £4, at the end of the conduétor, 
and when the leaf of brafs is fufpended between 
the plate and ball, move the plate round the 
ball; and the leaf will alfo move round, without 
touching either ball or plate. 

A glafs cylinder is occafionally placed be- 
tween the two metal plates F G, fig. 13, to 

4 ea prevent 
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prevent bran, fand, or other light fubftances, 
‘being thrown off. 

EXPERIMENT XLII.—Place two wires directly. 
under, and parallel to, each other, fufpend one 
from the conduétor, let the other communicate 
‘with the table; a light image placed between 
thefe, will, when the conductor is electrified, 


: appear like a kind of electrical rope dancer.— 


See fig. 15. 
- Exprrrment xiii. — Elefric fifo. Cut a 
piece of leaf brafs, with an obtufe angle at one 
end, and avery acute one at the other; prefent 
the large end towards an ele€trified conductor, 
and when the leaf brafs is within it’s, atmo- 
phere, let it go; it will then fix itfelf to the 
conduétor by the apex of it’s obtufe angle, and, 
from it’s continual wavering motion, will ap- 
pear to be animated. 

The next experiment requires confiderable 
attention to make it fucceed; as a {mall differ- 


ence in the apparatus, or in the force of the . 


-machine, &c. will make it fail: when it ane 
{wers, it generally affords pleafure to, and ex- 

cites admiration in, the fpectators. 
EXPERIMENT XLIvV.—F'lx the ring NOP, fig. 
16, to the end of the conductor ; place the plate 
G, fig. 13, on it’s ftand Lunder it, and at a 
little diftance from it, puta vat light hollow 
glafs 


& 
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vlafs ball upon the plate, but within the ring; 
turn the cylinder, and the little ball will defcribe 
an orbit about the ring, and turn at~the fame 
time about it’s own axis: the poles of it’s rota- 
tion are nearly at right angles to the plane of it’s 
orbit. 

Experiment xiv.—Elefrical bells. Fig. 17 
reprefents a {mall fet of bells, the two exterior 
ones are connected to the wire V Y, by a brafs 
chain, the middle bell and the clappers are fuf- 
pended on filk. 

Hang the bells on the Ranctusden by the hook 
R S, let the chain from the middle bell touch 
the table, turn the cylinder, and the clappers 
will fly continually from bell to bell, as long as 
the electricity continues. 

The brafs chain, which conne¢ts the two 
exterior bells to the conductor, conveys the 
electric fluid to them, which attracts the clap- 
pers ; thefe, when they have received the electric. 
fluid, are repelled by the exterior ball, and at- 
tracted by the middle one, on which they depofit 
their electricity; they are then again attraéted 
and repelled by the outer bells. Holdup, by a 
filk thread, the chain X, which proceeds from 
the middle bell, and the ringing will ceafe,, 
becaufe it cannot convey the eleétric fluid com-_ 
municated by the clappers to the ground. | 

M 3 Fig. 


~ 
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Fig. 18 reprefents a more elegant form of 
mounting the bells. When this: is ufed, the 
knob a fhould communicate with the conduétor. 
Fig. 19 reprefents another kind. In this the 
clapper is fufpended from the fly bed, the axis 
of the fly refts in a {mall hole on the top of the 
glafs pillar ef, the upper part of the axis moves 
freely in, and is f{upported by, a hole in the brafs 
piece g. Bells of different tones are placed 
round the board hI K. Remove the prime. 
conductor, and place this apparatus in it’s ftead 
near the cylinder; when this is in action, it will 
‘caufe the fly to turn round, the clapper will 
ftrike each bell in rotation, and thus produce a 
pieafing and harmonious found. ; 
ExPERIMENT XLVI.— Take ten or twelve pieces 
of thread, each about ten inches long, tie them — 
together at the top and the bottom,.as in fig. 20, 
then fufpend them from the conductor; the 
threads, when electrified, endeavour to recede 
from each other, and the knot at the bottom 
rifing upwards as the repulfion of the thread in- 
creafes, will form them into a fpheroidal figure. 
EXPERIMENT XLVII.— Flying feather. Bring 
a downy feather, or lock of cotton, near the end 
of an excited tube, or the knob of a charged 
Leyden phial; the feather will at fir fly to- 
wards ine tube, but when it is faturated with 
the 
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the electric matter, it will recede from it, and 
may be driven about the room by the excited 
tube, till it touches fome non-conductor, to 
which it can impart it’s electricity. The fame 
fide of the feather is always turned towards the 
tube; becaufe the electricity acquired by the 
feather is forced, by the action of the tube, to 
that fide which is fartheft from it, which is 
therefore repelled. 
_ It is eafy to perceive, from this and the fore- 
‘going experiments, hat it is not the mere matter © 
which 1s attraéfed, but that the different pheno- 
smena are occafioned'by the flate of the eleGric fluid, 
in thofe fubftances which are influenced by the 
machine. | ) . 

EXPERIMENT XLVII1.—Dancing balls. Put a 
wire into one of the holes which are at the end 
of the conductor, hold a glafs tumbler over the 
point, then electrify the conductor, and turn 
the tumbler round, that the whole interior fur- 
face may receive the fluid from the point ; place 
a few pith balls on the table, and cover them 
with this glafs tumbler; the balls will imme- 
diately begin to leap up and down as if they 
‘were animated, and will continue to move for 
along time. See fig. a1. 

This experiment may be agreeably varied 
with two tumblers. Electrify the infide of one 

Wea pofitively, 
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pofitively, of the other negatively; put the balls 
in one tumbler, and then bring the mouths of — 
both in contact, the balls will pafs from one to 
the other, till the contrariety between them is 
deftroyed. are | 


CHAP. 
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COrBh AvP. anvil: 


Tue Properties or Evectric ATTRACTION 
AND REPULSION, ILLUSTRATED BY EXpERI~- 
MENTS ON LIGHT BopIEs, 


ATURAL philofophers were originally 
incited to confider the nature of electri> 
city from it’s ftrong attractive and repulfive: 
powers. The phenomena exhibited by thofe 
myfterious properties are fo various and fo plea- 
fing, that they were led, as by enchantment, to 
purfue the fubject; and have been richly re- 
warded by the difcoveries, which are both in- 
terefting and important. 

The powers of genius have been exerted with — 
induftrious ardour to inveftigate the caufes of 
thofe properties; but they are ftill involved in 
deep obfcurity, and we are {till totally ignorant 
of that mechanifm by which light bodies, when 
electrified, approach to or recede from each 
other | 

To enter into a difcuffion of the difficulties * 
which perplex this fubject, would lead me too 

Maa far 

* 6 Qui pourroit concevoir qu’un corps agit ow i n'eft 


s* bas; fans aucun intermede? Deux particules de matiere 
, | , font 


t 
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- far from the defign of this Effay; I thall, there- 
fore, proceed to {tate thofe general properties, 
or modes of action, which are obferved in elec- 
tric attraction and repulfion, and then defcribe 
the experiments from which thofe properties 
have been deduced, or by which they are illuf- 
trated. ) 


GENERAL Properties or ErecrricaL ATTRAC* 
TION AND REPULSION. 


t. The eleétric fluid, when in action, difpofes 
or places light bodies in fuch manner as will beft 
facilitate it’s tranfmiffion through them, with 
the sreateft velocity ; and this in proportion to 
the gravity of the body, it’s conducting power, 
and the ftate of the air. 

2. Bodies that are electrified pofitively Bish 
each other. 

3. Bodies electrified negatively repel each 
other. | 

4. Bodies electrified H contrary powers at- 
tract each other ftrongly. | 

5. Bodies 


¢¢ font a cent milles lieues, ou a cent milliemes parties d’un 
6 ligne de diftance l’un de |’ autre, fans aucune communi- 
¢ cation materielle entrelles, et 4 Yoccafion de l’une I’ autre 
“ fe mouvroit!!” De Luc, Lettres Phyfiques, &c. 


AN ESSAY ON ELECTRICITY. 174 


g., Bodies that are electrified, attract thofe 
fubftances which are not electrified. 

6. Thofe fubftances that are brought within 
the influence of electrified bodies, become pof- 
fefled of a contrary electricity; or electrified 
fubftances, without parting with their own elec- 
‘tricity, act upon other bodies in their neigh- 
bourhood, producing in them an electricity 
which is contrary to their own; or bodies which 
are immerged in an electric atmofphere, always 
become poflefled of an electricity contrary to 
that of the body in whofe atmofphere they are 
immerged. 

The experiments defcribed in this chapter are 
fimple, eafily performed, and certain in their 
- refults; and, though they may at firft fight 
appear to be trifling, yet, on attentive exami- 
nation, they will be found of confiderable im- 
portance, as they afford a clue to inveftigate 
and explain a variety of electrie phzenomena, 
and exhibit, in a ftrong point of view, fome of 
the contrary effects of negative and pofitive 
electricity. : : 

Thefe experiments may all be made with a 
fmall and portable apparatus; confifting gene- 
rally of two brafs tubes, as A and B, fig. 22; 
each of thefe is fupported on a glafs pillar G, 
which {crews into a wooden foot H; a pair of 
| 3 | {mall 
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fmall pith balls fufpended on linen threads, as 
—1,K, fit upon each tube by means of a fmall — 
brafs ring; thefe tubes, with a piece of fealing- 
wax or a glafs tube, are fufficient to illuftrate 
the greater part of the experiments in this chap- 
ter, as well as fome of He principal pheenomena 
in electricity. 

The apparatus will be ease more com- 
plete, when it confifts of four brafs tubes with 
their ftands. ; 

Mr. Wilfon, ina mafterly tract on this fub- 
ject, entitled, “ A fhort View of Eledctricity,’’ 
has, with a fimilar apparatus, explained and 
illuftrated all it’s general principles, 


Experiments on the two Eleéiric Powers. 


ExpERIMENT XL1x.—Touch a pair of infula~ 
ted pith balls with an excited glafs tube, they 
will become electrified, and will feparate from 
each other; the balls are electrified pofitively, 
and are therefore attracted by excited wax, an 
repelled by excited glafs. 

As thofe light fubftances, which poffefs the 
fame electric power, repel each other; we can. 
eafily difcover whether they are electrified pofi- 
tively or negatively, by prefenting an excited 
ftick of fealing-wax or glafs to them. If thgy are 

attracted 
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attracted by the glafs, they are negatively, if 
repelled by it, they are pofitively electrified ; on 
the contrary, if repelled by the excited wax, 
they are negative, if attra€ted, pofitive. 

In afcertaining the nature of the electric 
powers, we muft avoid bringing the bodies to 
be tried near each other fuddenly; or one with 
a {trong electricity near another which is weakly 
fo; as it may render the experiment doubtful 
by attra€ting and not repelling the light body. - 

EXPERIMENT L.—Hold an excited glafs tube 
over one of the brafs tubes, but at fome diftance 
from it; part of the natural quantity of electricity 
contained in the brafs tube will be driven into 
the pith balls that are annexed to it, by the ex- 
cited glafs, the balls will diverge with pofitive 
electricity ; remove the excited glafs, the balls 
will then return to their natural ftate, and clofe. 

If the excited glafs continues in it’s place, the 
balls will continue to be repelled; for the ex- 
cited electric will always continue to feparate the 
powers of electricity, or in other words to force 
a quantity from the furface of the tube; and will 
alfo prevent it’s return, fo long as it continues 
of the fame force, and acts at the fame diftance. 

The nearer the excited electric is pone the 
greater is the effect. 


The {phere of action Ge an excited electric 
} has 
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has been diflinguifhed into two parts, oné 
termed the /phere of influence, in which the balls 
will feparate, but clofe when the eleétric is re- 
moved; the other is called the /pbere of com 
municaiion, in this the forte acquired by the 
balis remains after the excited éleGtric is res 
moved. ik 

ExperiMEnr L1.—Electrify the pith balls that 
are fufpended from the brafs tube A, fig. 27, 
then bring the end of this tube in contact with 
the end of the tube B, the balls of which aré 
un-electrified; the ftock of electricity given to 
the tube A will be equally divided between each 
pair of balls, thofe of the tube B will Opes and 
thofe of A will clofe a little, 

EXPERIMENT LU. —Ele@rify the tubes A and 
B, fig. 27, equally and with the fame power, 
put the ends of the tubes together, and the di- 
vergence of the balls will not be altered. 

EXPERIMENT Ltt. —+ Electrify the tudes 
equally, ‘but with the different powers, one 
with glafs, the other with wax, bring the ends 
of-the tubes in contact, and the balls will clofe. 

We learn from thefe experiments, that the 
pofitive and negative powers counteract each 
other; whence, if both are applied at the famé 
time to any body, the electricity it acquires will 
be only the difference of the two, and confe~ — 


quently that of the ftrongeft. 
EXPERI-~ 
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_ ExpiRIMENT tiv. — Hold an excited clafs 
tube to one of the brafs tubes, touching this 
tube at the fame time with your finger, part of 
the natural quantity of the electric fluid refident 
in it will be forced by the excited glafs tube 
‘into the finger; remove at the fame inftant the 
finger and glafs, and the balls will remain ne- 
gatively electrified. i 

ExpreriMENnT Lv.—Place the brafs tubes, A 
and B, fig. 22, in a ftrait line with their ends 
in contact, hold: the excited glafs over the tube 
A, part of the electric fluid naturally refident in 
this will be driven into B; feparate the tubes, 
the balls of A will be negative, and thofe of B 
will be in a pofitive ftate; bring them together 
again, and the balls will clofe. 

The tube A was: in the foregoing experiment 
electrified with the negative power, B with the 
pofitive; but when they were brought together 
the equilibrium was reftored; evincing that no 
addition of electric matter was communicated 
to them; but that the natural powers ‘of elec- 
tricity refident in the tubes were feparated by 
the atmofphere of the excited electric; and 
proving the co-exifience of the two powers in 
every fubftance. For the electric fluid, accord- 
ing to Mr. Eeles, confifts of two elaftic me- 
diums, which equally and ftrongly attract each — 

other, 
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other, and are attracted by all other matter. 
Therefore when any body is immerged in an 
electric atmofphere, this atmofphere repels the | 
power which is of the fame kind in the body, 
and equally attracts that which is of a different 
kind in the fame body ; and while thefe bodies 
remain immerged in this atmofphere, the powers 
remain feparated, .different atmofpheres exifting 
and acting at each end. But when the electric is 
removed, the two powers inftantly join, and be- 
coming equal do not manifeft any ienfible action. 
EXPERIMENT LvI.—Infulate a long metallic _ 
rod, fufpend a pair of pith balls from each end 
of it, place ene.of the ends at about two inches 
from the prime conductor, the other end as far 
from it as poflible, electrify the conductor, and 
the eleGtric fluid in the rod will be driven to 
that end which is furtheft from the conductor ; 
fo that one end will be electrified negatively, the 
other end pofitively, as will be feen by the balls. 
EXPERIMENT Lv1I1.—Apply a ftick of excited 
wax to the tube D, fig. 23, as at A; while it 
remains there, the balls I open with negative 
electricity; raife the wax, as at B, and the balls 
will clofe; raife it ftill higher to C, and they 

will open with pofitive ele€tricity. 
Expertment tviit.—Excited glafs held over 
the middle of the tube A, fig. 24, forces fome 
part 
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vie of the ‘ato quantity of cleGtricity of A 
into the balls, and fome part out at the twoends 
into the air. During this experiment, the balls — 
of A are repelled by glafs, and are therefore in 
a pofitive ftate; but, after the excited glafs is 
removed, they in a very little time change to 
a negative flate, becaufe part of the natural 
quantity had-efcaped from the pointed ends into 
the air, while the glafs was held over the tube; 
but, when the glafs is removed, the over-charge 
in the balls will of courfe return, and diffufe it~ 
felf equally in the tube; but as this i not-fufh- 
cient to ballance the lofs fuftained, the tube, 
ahread, and balls mutt be in a negative ftate.* 


ExPERIMENT 11x.—Place three tubes, A, B, 
C, fig. 25, in a line near to, or in contact with, 
each other; excited glafs held over A forces 
out part of the natural quantity of fluid con- 
tained in A into B and C, feparate A from B. 
and C, A will be electrified negatively, B and 
C will be ina pofitive ftate. Put the three tubes 
into their former fituation, the equilibrium will 
be xeftored, and the balls will collapfe.t 

ExprriIMenr tx.—Place four tubes, as A, 
B,C, D, fig. 26, in contact with each other ; 
excited glafs held over A forces part of the fluid 

N contained 


* Wilfon’s Short View of eecdegdoan Pp. 7° 
+ Ibid, P- 8, 
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contained in it into B, the quantity received in 
B will force out a certain portion from C into D; 
the moment before the excited glafs is removed 
from A, feparate Band D from A and C, after ~ 
which it will be found, that A and C are in a 
negative, and B and D ina pofitive f{tate.* 
ExpERIMENT LxI.— Excited glafs held at 
about one inch diftance from the end B, of a 
folid cylinder of glafs B,D, fig. 28, plate HI. 
which is fix feet long, and about half an inch 
diameter, will force part of the fluid at the end 
Btowards\the remote end D; but, in doing this, 
the natural quantity belonging to the glafs will 
undergo feveral alterations, which are difcovered 
by the effeé&t an excited glafs tube has on a num- 
ber of pith balls, which are fufpended at equal 
diftances from each other between B and D; in 
a little fpace of time the electricity of thefe is 
changed, thofe that were pofitive will become — 
negative, and thofe that were negative will be- 
come pofitive. | 
If the excited glafs is ‘held in’conta@ with tite 
end B, the additional quantity received at B will, 
“in going towards D, ‘caufe feveral alterations in 
the denfity of the fluid in B D; but thefe altera- 
tions will be converfe to the former, and after a 
little time will alfo be reverfed.” 9) 8" 
9 fen Va. It 
afi ®; Ibid. p. 8 
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It may be inferred from théfe experiments, 
that whenever the electric fluid in any body be- 
comes fuddenly more denfe in any one part, the 

fluid in the neighbouring: parts: will be more 
raré, and vice verfa. Thefe alternate changes 
of rarity and denfity muft, from the nature of an 
elaftic fluid, continue to. ofcillate many times 
backwards and forwards before the fluid can be 
at reft; though, when thefe motions are weak- 
ened to 4 certain degree, egy are imperceptible 
to the obferver.* 

Moft of the preceding peueiionils may be 
made with cylinders of wood or glafs, inftead of 
brafs. When glafs is ufed, it muft be Kept dry 
and nat difturbed by friction. | 

Tt is not improbable that the attiactive and 
repulfive motions of electrified bodies are owing 
to the alternate condenfation and dilatation of 
the electric fluid on the furface of thefe bodies, 
as they are naturally carried where they meet 
with the leaft refiftance. | 

That there is a vibratory motion, or ftruggle, 
between the eledtric fluid, when in action, and , 
the air, is evident from that fenfation whichis 
felt when a ftrongly excited electric is brought 
near any part of the human body; and is fuch 
as ae be occafioned by a fpider’s web drawn 

N 2 lightly 


* Ibid. p. 18. 
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| lightly along the fkin. ‘This circumftance is 
rendered more clear by an ‘experiment made by 
Pr. Priefiley, in order to difcover whether elecs 
tricity was concerned in the freezing of water. 

Expertmint Lx11.—He placed two difhes 
with water in the open air in the time of a fevere 
froft, one of them he kept ftrongly electrified, 
and could obferve no difference in the time 

when it began to freeze, or in the thicknefs of 
_ the ice when it had been frozen fome time; but 
he obferved, on each fide of the electrified wire, 
the fame dancing vapour which is feen near the 
furface of the earth in a hot day, or at any time 
near a body ftrongly heated. 

An electric fubftance contained between pa- 
yallel furfaces, however difpofed, is seg all 
eleéiric plate. 

- -Expsriment ixiit.— Electrified stb Aehens 
will attract thofe which are not electrified, al- 
though a thin eleGivic plate be interpofed between 
them.. ' 
 ExpertmMent wxiv.— Bodies ele&rified with 
contrary powers, attra each other ftrongly, 
although an eleEtric plate be interpofed between 
them: and indeed all thofe phenomena, which 
depend:on the irifluence of the electric :atmo- 
fpheres, may be produced, although‘an:electric 
is interpofed between ithe body and excited 

. electric. 7 
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The above-mentioned experiments fhew clearly 
that electrics are permeable by the feparated 
ftates of this fluid: thefe experiments have been 
introduced before in another part of the work. 

To account for any of the phenomena of 
electric attra&tion and repulfien, is very difficult, 
but more fo.to fhew why bodies, which are 
éle€trified with the fame power, repel each 
other, particularly thofe which are negatively 
electrified. Philofophers have invented various 
folutions of this difficulty; the following is 
efteemed the beft. 

_. « * To underftand why bodies, poffeffed of 
the fame electricity, repel each other, the reader 
muft be reminded of the following principle, 
viz. that the electric fluid, proper to a body, 
can be neither augmented nor diminifhed-on the 
furface of that body, except the faid furface is 
contiguous to an electric, which can acquire a 
contrary electricity at a little diftance; from 
whence it follows, that no electricity cat be 
difplayed on the facing furfaces of two bodies, 
which are fufficiently near each other, and both 
poffefied of the fame electricity, becaufe the air 
that lies between them has no liberty of ac- 
ules a contrary eleétricity. This being pre- 
N3  mifed, 


* Cavallo’s complete Treatife of Eledtricity, py sO 


482. AN -ESSAY ON ELECTRICITY, 


mifed, the explanation of clectric repulfion be- 
comes. ecafy. Suppofe, for inftance, that two 
fall bodies are freely fufpended by infulated 
threads, fo that, when they are not electrified, 
they hang contiguous to each other: now fup- 
pole thefe bodies to be electrified pofitively or 
qyiegatively, and they muft repel each other; for 
either'the increafed or diminifhed quantity of 
the electric tluid in thefe bodies, will endeavour 
to diffufe itfelf equally over every part of the - 
furfaces of thefe bodies, and this endeavour will 
caufe the bodies to recede from each other, fo 
that a quantity of air may ‘be interpofed’ between 
their furfaces fufficient to acquire a contrary 
electricity, ata little diftance from the faid fur- 
faces; otherwife, if the bodies pofleffed of the 
fame eletricity do not repel each other, fo that 
a fufficient quantity of air may be interpofed 
between their furfaces, the increafed quantity 
of electric fluid, when the bodies are electrified 
pofitively, or the remnant of it, when they are 
electrified negatively, cannot be diffufed equally 
over the furfaces of thefe bodies; for no elec- 
tricity can appear upon the furfaces of bodies. in. 
contact, or that are very near each other: but 
the electric fluid, by attracting the particles of 
matter, endeavours to diffufe itfelf equally over 
the furfaces of thefe bodies, and the bodies are 
by | this endeavour forced to repel § ach other.”? 


¢6 The 
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hak ‘The difficulty is not, however, folved by 
this theory, which only explains one fact by an- 
other, which requires ,as much explanation as 
the firft: but overlooking ‘this, it is ftill infuf- 
ficient; for granting that) bodies negatively 
electrified, ought to. repel each other, till the 
electricity is equally diffufed over their furfaces, 
yet when this is accomplifhed, the -repulfion 
ought to ceafe. Further, there is no reafon for 
{uppofing the electrification to take place, while 
the bodies are in conta¢t,. or nearly fo. > One 
may be eleétrified negatively in‘one corner-of a 
‘room, and another.in the other. The eleétrifi- 
cation may alfo be continued for any length of 
time we pleafe. So that the. electric matter 
muft have diffufed  itfelf equally over the fur- 
faces of both. Yet, if we attempt to bring thefe 
bodies together, they will repel each ‘other, 
which ought not to be the cafe on the preceding. 
{uppofition.”? 

“+ Pofitive electricity has ‘Sy fuppofed by 
another to: confift of a vibratory motion in the 
air and electric fluid, in which.the force of the 
vibration is directed outwards from the electric 
body: that in, negative electricity there i is alfo 
a yibratory motion, but the force is directed 

| 1 Nt Geta shes _ inwards, 


* Encyclopedia Britannica, p. 2683. 
+ Dbid, p. 2699. 
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jnwards. Now let us fuppofe « a body pofitively 
ele@rified, fufpended by a fall thread, at a 
diftance from any other, the vibratory motion 
béing kept up by an equal preffure on all fides, 
the body is neither moved to one fide nor an= 
other; but when a negatively electrified body is 
brought ncar, the force of the vibration being 
ditected outwards in the one, and inwards in 
the other, the preffure of the fluid in the inter= 
mediate {pace between them is greatly leffened, 
and confeéquently the preffure on the other fide, 

drives them both together, and they are faid to 
attract each other. If a body electrified pofi- 

tively is brought near thé firft, the force of the 

vibrations is dire€tly oppofed to each other, 


and therefore the bodies recede frorn each other. 


‘The cafe is the fame with two bodies negatively 
electrified ; for hére the vibration being direéted 
towards both bodies, as towards two centers, 
mutt caufe them to recede from each other, be- 
caufe if théy remained in contact, the vibratory 
motions would interfere with each other. 
_ & When a fmall body is brought within the 
{phere of another's electricity, the equable pref 
fure of that vibratory or electrical fphere is 
fomewhat leffened upon the fide near which the 
body is bropght, and it is therefore impelled: 
towards the firft by the action of the furround.. 
™ 


AN E®AY ON ELECTRICITY. 185 


ing fluid, in order to keep up the equilibrium, 
As foon as it arrives there, the vibrations of the 
_ fluid around the firft body being cotmmunicated 
to that within the pores of the fecond, it acquires 
a fphere of electricity as well as the firft, and, is 
_confequently repelled: the repulfion continues 
till the vibration ceafes, either by the action of 
_the air, or by the body coming ia contact with 
another larger than itfelf, in which cafe it’s 
electricity is faid to be difcharged. If, after this 
difcharge, the fecond body is {till within the 
{phere of the firft, it will be immediately at~ 
tracted, and very foon after repelled, and fo on 
alternately, till the electricity of the former*to- 
tally ceafes.”’ | | 
From feveral experiments of Beccaria’s, it 
appears, that, if the air is thoroughly exhaufted 
from a glafs receiver, the attraction. and repul- 
fion of electrified light bodies within the re- 
ceiver grows languid, and foon ceafes altoge~_ 
ther. ‘This is-confirmed by an experiment of 
Mr. Cavallo’s. A. pith ball electrometer was 
fufpended within a receiver of an air-pump, by 
it’s brafs cap; this was then electrified; the - 
. balls diverged a little when the air was only 
yarified 100 times; when it was rarified 300 
times, the repulfion was fcarce difcernable: 


when the rarifaction was haa, they did not 
Ghyerer 
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diverge at all; and that, whether.\a fmall- or 
Jarge sonia of, shia was- communicated 
to the cap.* bye 
; ' iy 
EXPERIMENTS ON THE ATTRACTION AND ReE- 
-PULSION OF EXCITED SILK R1BzoN. 


Experiment rxv._Put a black and white 
ribbon together, and draw them through the 
fingers ; by this operation the white ribbon will 
be electrified pofitively, the black negatively, 
and will confequently attract each other. ” 

ExpertMent Lxvi.—~Lay either of the rib- 
welt a quire of ‘paper, and draw over it 
amber, fealing-wax, or any other negative clec- 
tric, ‘the ribbons will be excited pofitively. 

--If pofitive electrics are drawn over the rib- 
bhi they will be excited negatively.’ 
~ Expertment ixvit.—A piece of flannel and 
a-black ribbon will excite as well together as a 
black and white ribbon, re ea ) 

ExPERIMENT Lxvitt.— Dry two white filk 
- ribbons at the fire, extend them on any {mooth 
plane, draw the edge of a fharp ivory rule over 
them ; while they continue on the plane they do - 
“pot. ie: to have acquired any electricity, yet 
wis 


shay * Phil. Tranf, vol, 733 Dp. 452>— 
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when taken up feparately,, they are obferved to 
be negatively electrified, and repel each other. 

When they are feparated from each other, 
eleGtric {parks are perceived between them, but 
when they are again put on the plane, no light 
js perceived without a fecond friction. 

Experiment Lx1x.—Place the ribbons on a 
rough conducting fubftance, rub them as before, 
and they will, on their feparation, {hew con- 
trary electricities, .which, will alfo. difappear 
when they are joined together. | 

If the ribbons are made to repel each ie 

and then joined together, and placed on the 
fore-mentioned rough {ubftance, they will in a 
few minutes be mutually attraéted; the upper- 
moft being pofitively, the undermoft negatively 
electrified. 
When two white ribbons receive their Sige 
‘tion on a rough furface, they always acquire 
contrary electricities ; the upper one is nega- 
tively, the lower one pofitively, electrified. 

EXPERIMENT Lxx.—When two ribbons are’. 
made to repel each. other, draw the point of a 
needle lengthways down one of them, and they 
will rufh together. 

_EXpreRIMENT ixxr.—Bring a an 1 electrified rib- 
bon near a fmall infulated metallic. plate, it will 
be attracted but feebly ; ; bring a finger near the 

| plate, 
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plate, a fpark will be obferved between them, 
though both together fhew no figns of electri- 
city; onthe feparation of the ribbon they again 
appear to-be electrified, and a fpark is perceived 
‘Between the plate and the finger. 
- ExperIMEnT Lxxit.—Lay a number of rib. 
bons of the fame colour upon a fmooth con- 
duating fubflance, draw the ivory rule over 
them, take them up fingly, and each will give 
a fpark at the place where it is feparated from 
the other; the laft will do the fame with the 
conductor ; they are all negatively electrified. 
Take them from the plate together, they will 
all cohere in one mafs, which is negatively elec- 
oe on both fides. 

. Experiment Lxxitt.—Let them be placed 
- ona rough conducting fubftance, and ther be 
feparated fingly, beginning with the lowermoft, 
{parks appear as before, but all the ribbons will 
| be electrified pofitively except the uppermoft. 
If they receive the friction upon the rough con- 
ductor, and are all taken wp at once, all the 
intermediate ribbons acquire the elettricity ef 
fhe higheft or loweft, according: as the fepara- 
tion is begun with the higheft or the loweit. 
‘. "The following very curious obfervations and 
experiments were made by Mr. Symmer. He 
hac been aceuftomed to wear two pair of filk 

| ftockings, 
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ftockings,:a black and a‘white; when thefe were 
pulled off both together, no figns of: electricity 
appeared ; but, on pulling off the black ones 
_ from the white, he heard a {napping or cracking 
noife, and in the dark perceived {parks between 
them. To produce this and the following ap- 
pearances in great perfection, it was only ne.. 
ceflary to draw his hand feveral times back- 
ward and forward over his leg with the ftock~ 
ings upon it. 

. When the Bide titers were feparated and held 
at a diftance from each other, ‘both of them 
appeared to be highly excited ; the white -ftock- 
ing pofitively, the black negatively. While they 
were kept at a diftance from each other, both of 
them appeared inflated to fuch a degree that 
‘they exhibited the entire thape of the leg. When 
‘two black or two white {tockings are held sin 
"one hand, they repel one another with confi-— 
‘derable force. When a white and black ftock- 
ing are prefented to each other, they are mu- 
tually attracted, and ruth together, if permitted, 
with great violence. As they approach, the in- 
flation gradually fubfides, and their attraction 
of foreign objects diminifhes, but their attrac- 
tion of one another increafes; when they ac- ° 
tually meet, they become flat and joined clofe 
| together, like fo many folds of filk; when fe- 
| ‘parated 


190 AN ESSAY ON ELECTRICITY. 


parated again, their electric virtue does not 
feem to be in the leaft impaired for having once 
met. ‘The fame appearances will be exhibited 
by them for a confiderable time. 

When the ftockings were fuffered to meet, 
they ftuck together with confiderable force; at 
firft Mr. Symmer found they required from one 
“to twelve ounces to feparate them. Another 
time they raifed 17 ounces. Getting the black 


ftockings new dyed, and the white ones wafhed, 


and whitened in the fumes of new fulphur, and 
then putting them one within the other, with 
the rough fides together, they required three 
pounds three ounces to feparate them. When 
the white ftocking was put within the black one, 
fo that the outfide of the white was contiguous 
to the infide of the black, they raifed nine 


pounds, wanting a few ounces; when the two 
rough furfaces were together, they raifed fifteen _ 


pounds, one penny weight and a half.* 
* The Rev. Mr. Lyon has made many curious experi- 


- ments on the attraction of ribbons ; their cohefion, &c. See. 
Lyon’s Experiments and Obfervations on Eleétricity. 
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Or tHe ELectric. SPARK. 


Ph 


. EXPERIMENT LXXIV. 


~1X the wire and ball B to the .end of the 
3 conductor, as at A, fig. 29, pl. HI. turn 
- the cylinder, and then bring the knuckle, or an- 
other metal ball, as C, towards B; if the ma- 
chine is powerful, a long, crooked, brilliant, 
electric fpark, with the appearance of fire, at- 
tended with a {napping noife, will pafs between 
the two balls, or between the panakle and ball. 


‘ 


The experiments in the foregoing chapter 
fhew, that thofe fubftances, which are brought 
within the influence of electrified bodies, will 
become poffeffed of a contrary electricity, and 
are confequently in a proper ftate to receive a 
fpark from any body that is charged with electric 
matter; and’when brought near enough, they 
will receive the fluid in one explofion. If the 
conduétor is negative, it receives the fluid’ from 
the approaching body. . The {park does not ex- 
plode at the greateft diftance on a given body, 
until it has firft been made to ftrike at fome 

| fmaller 
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fmaller diftance, which, as it were, entices the 
difcharge gradually forwards. — 

The longeft and moft denfe fparks proceed 

from that end of the conductor which is fartheft 
from the cylinder, though long curvilinear 
_fparks may alfo be taken near the infulating, 
pillar which fupports the conductor. 

The fpark, or quantity of electricity dif- 
charged, is nearly in proportion to the fize of 
the conductor; fo that larger and longer fparks — 
are obtained from a conductor which has a con- | 
fiderable furface, than from afmallone. This 
has been extended fo far, that the force of the 

{park from a conduétor, has been equal to a 
fhock from a good fized phial. 

The found is occafioned by the momentary 
agitation into. which the air is thrown oy, the 
eleétric fluid. 

Of the electric {park is received on any part of 
the body, it occafions a fenfation fomething re- 
, fembling a fmart blow, which is more or lefs 
painful, in proportion to the tendernefs of the 
part, or the ftrength and weaknefs of the fpark. 
- ‘When the quantity of electricity is fmall, and 
“4ncapable of ftriking at any confiderable dif- 
tance, the fpark appears ftrait; but when it is 
ftrong, and capable of ftriking at a greater dif- 
‘tance, it affumes a Sponcs or zig-zag .direc- 
tion ; 


~ 
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tion; and this, probably, becaufe the more fluid 
electric matter has to pafs with great rapidity 
through the denfer and lefs fluid atmofphere, 
which reciprocally acteupon each other. : 
If the uninfulated conducting fubftance that 
is prefented to the prime conduétor, in order to 
take fparks therefrom, be broad, round, and 
polithed at the end, the {parks will be fhort and 
denfe,; and will produce a confiderable found. 
If lefs broad, the {park will be long, crooked, 
and not fo founding. If the breadth be {till 
more diminifhed, the conductor begins to come 
under the denomination of a pointed body; the 
electric fluid paffes to it from the prime con- 
ductor, through a great fpace of air, with a 
hiffing or ruftling noife, and in a continual 
fireaam. <A ftill greater fharpnefs enables the 
electricity to pafs over a ftill greater fpace, but 
filenily, aid nothing is feen but a {mall light 
upon the point. If a fimilar point iffue from 
the prime conductor, and the uninfulated con- 
_ ductor be round and polifhed, the fame effeéts 
happen in like fituations ; but if both be point- 
ed, the electricity is more readily difcharged ; 
and, in all thefe cafes, the appearance of the 
electric matter at the point of the prime con- 
ductor will be that which is peculiar to it’s 
electricity; a large divergent cone, if pofitives 
O a finall 
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a fmall globular light or cone, if negative; and 
the light at the point prefented to the prime 
conduétor will be charaéteriftic of the contrary 
electricity..." 3 
It will be feen, by a great variety of experi- 
‘ments, that the electric fluid is diffipated, unlefs 
it is refifted by the preflure of the atmofphere, 
which keeps the fire together in a body, and by 
concentrating, it increafes it’s fplendor. The 
fpark which explodes in the air is vivid, like 
lightning ; but if the fame is tried in an ex-. 
haufted receiver, inftead of a fpark and explo- 
fion, we have only a filent, faint, diluted ftream. 
 Beccaria fays, that the air refifts the electric 
fpark in proportion to it’s denfity, and the 
thicknefs of the ftratum it oppofes to the f{park, 
or the length of the paffage they open for them- 
felves through it’s fubftance. He alfo fhews, 
by a variety of experiments, that the air is driven 
in every direction by the electric fluid, with a 
force, thé action of which does not immediately 
fubfide. It will appear from this, as well as 
many other confiderations, that the exceeding 
great velocity and ftrength of the electric fluid 
are not owing to a repulfive pow er among it’s 
particles, but to the mutual action of the air and 
electric fluid upon themfelves and one another ; 
and that it’s momentum is produced by the in- 
cumbent — 
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cumbent preffure of the atmofphere on the elec- 
tric fluid, and the preffure of one. part of this 
matter upon another: This latter preflure muft 
be very great, if the particles of the electric fluid 
are in contact, or act immediately one on the 
other throughout the wide immenfity of f{pace. 

The electric {park appears of a different co- 
lour, according to it’s denfity: when it is rare, 
it appears of a blueifh colour; when more denfe, 
it is purple; when highly condenfed, it is clear 
~ and white, like the light of the fun. 

The middle part of an electric fpark often 

appears diluted, and of a red or violet colour; 
the ends are more vivid and white, probably 
becaufe the fluid meets with the greateft refif- 
tance at it’s entrance and exit. 
The fpark is fometimes divided into many 
parts, as in fig. 30, pl. III. The rays of the 
pencil concentrate where they ftrike the ball, 
and form upon it many denfe and fhining 
fparks, | | TERE 

ExperiMENt uxxv.—To vender an ivory ball 
luminous.. Place an ivory ball on the conductor, 
take a ftrong fpark, (or pafs the charge of a 
Leyden bottle through the center of it) the ball 
will appear perfectly luminous. If the charge 
is not taken through the center, it will pale 
over and corrode the furface of the ball. 

O 3. EXPgRI- 


4 
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Experiment Lxxvi.—To obtain a crimfon co 
loured park. ‘Take a fpark through a ball of 
-box-wood, and it will appear of a beautiful 
erimfon, or rather a fine fcarlet colour; or the 
fhock may be pafied through pieces of wood of 
different thicknefles and denfity, which will 
afford a very ample field for obfervation and ex- _ 
periment. : | 

The two foregoing experiments are fo anala- 
gous to the famous experiment of Mr. Hawk{- 
bee, and fome others which have been made 
fince his time, that I have fubjoined them, and 
hope they will lead to a further inveftigation of 
this curious fubject. . 

_ _ExpertMEnt txxvit.~-Mr. Hawkfbee lined 

more than half the infide of a glafs globe with 

fealing-wax, he exhaufted the globe, and put it 
in motion, when on applying his hand to excite’ 
it, he faw the fhape and figure of it as diftinlly 
on.the concave fuperficies of the wax within, as 
if only pure glafs had intervened between his 
eye and his hand. ‘The lining of wax, where it 
_ was thinneft, would but juft allow the light of 
a candle to be feen through it in the dark. In 
fome parts the wax was at fJea{t an eighth part of 
an inch’ thick; yet, even in thofe places, the 
, fhape and figure of his hand were as diftinguifh- - 


able as any where elfe. 
! Beccaria 
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Beccaria difcharged an electric fhock through 
ome brafs duft, fprinkled between two plates 
of fealing-wax; the whole was rendered pet- 
fectly luminous and tranfparent. } 

ExpgRIMENT LXXVIII.—The finger rendered 
luminous. ‘This extraordinary experiment was 
made by Dr. Prieftley, and is thus defcribed by 
him. Jlaid.achain, which was in contact with 
the outfide of a jar, lightly on my finger, and 
fometimes kept it at a {mall diftance by means 
of a thin piece of glafs. If 1 made the dif- 
charge at the diftance of about three inches, the 
electric fire was vifible on the furface of the 
finger, giving it a fudden concufflion, which 
feemed to make it vibrate to the very bone; and 
when it happened to pafs on that fide of the 
finger which was oppofite to the eye, the whole 
feemed, in the dark, perfectly tran{parent. 

EXPERIMENT Lxx1x.—To make a bottle of water 
luminous. Connect one end of a chain with the 
outfide of a charged jar, let the other end lie on 
the table, place the end of another piece of 
chain at about one quarter of an inch diftance © 
from the former, then fet a decanter of water 
on thefe feparated ends, and, on making the 
cifcharge through the chain, the water will 
appear perfectly and beautifully luminous. 

Do not thefe experiments indicate, that there 

le ae | ‘is 
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is a fubtle medium both in electric and non 
electric bodies, that renders them tranfparent, 
when it is put in motion? 

EXPERIMENT LXxx.—Green fparks. The 
{parks taken over a piece of filver leather, ap- 
pear of a green colour. 

EXPERIMENT LXXxI.— With ihe /piral tube. 
E, F, fig. 31, is a glafs tube, round which, at : 
—fmall, but equal diftances from each other, 
pieces of tin-foil are pafted in a fpiral form, 
(hence it is called the fpiral tube) from end to 
end; this tube is inclofed in a larger one, fitted 
with brafs caps at each end, which are con- 
nected with the tin-foil of the inner tube. Hold 
one end in the hand, and apply the other near 
enough to the prime conductor to take fparks 
from it, a beautiful and lucid fpot will then be 
{sen at each feparation of the tin-foil; thefe 
multiply, as it were, the fparks taken from the 
conduétor; for if there was no break in the tin- 
foil, the electric fire would pafs off unperceived. 

“ExpeRIMENT Lxxxit.— The luminous’ word. 
This experiment is exactly on the fame prin- 
_ ciples as the foregoing. The word is formed 
by the {mall feparations made in the tin-foil, 
which is pafted on a piece of glafs, that is fixed 
in a frame of baked wood, as is reprefented in > 
fic. 32." slo make the experiment, hold the 
| : frame 
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frame in the hand, and prefent the ball G to 
the conductor, the {park received on this will 
be communicated to the tin-foil, and follow it 
in all it’s windings, till it arrives at the hook 
kh, and is conveyed from thence to the ground 
by a chain: the lucid appearance at each break 
exhibits a word in characters of fire. - 
EXPERIMENT LXXxIII.—To take the electric 
Spark with a metal point. Screw a pointed brafs 
wire into one end of a fpiral tube, and prefent 
it to the conductor while the machine is in ac- 
tion, when a jfiroug /paré will pafs between.the 
conductor and the point. ; : 
EXPERIMENT LXXxIv.—A firong fpark obtained 
by a point. Take a clean dry glafs tube, of about 
a quarter of an inch bore, infert a pointed wire 
in this tube, keep the pointed end at fome dif- 
tance from the end of the tube, let the other 
end be connected with the ground, bring the 
former towards the prime conduétor, and {trong 
zig-zag f{parks, attended with a peculiar noife, 
will pafs between the conductor and the point. 
Experimanr ixxxv.— Spiral illumination. 
Take a round board, well varnifhed, and lay on 
it a chain ina {piral form; let the interior end: 
of the chain pafs through the board, and con- - 
nect it with the coating ofa large jar; fix the 
exterior end to.a difcharging rod, and then dif- 
| Og charge 


( 
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charge the jar; a beautiful {park will be feen 
--at every link of the chain. The illuminations 
to be produced by a chain are capable of an in- 
_ finite variety of modifications. 

EXPERIMENT LXxxvI.— Luminous difcharger. 
Place fpots of tin-foil at equal diftances from 
each other, on a piece of bent glafs, and let the 
ends of the glafs be furnifhed with brafs balls, 
and a glafs handle be fixed to the middle of the 
bent glafs. The inftrument will ferve asa dif _ 
charger, and at the fame time exhibit, at each 
feparation of the tin-foil, the electric light. The 
fame end is anfwered by connecting an iron chain 
with the two balls. ; 

EXPERIMENT LXXXVII.—J//umination by a revol- 
ving fpark. Fig. 98 reprefents feveral fpiral 
tubes, placed round a board ; a glafs pillar is 
fixed to the board, and on this pillar is ce. 
mented a metal cap, carrying a fmall fteel 
point; a brafs wire, furnifhed with a ball at 
each end, and nicely balanced, is placed on this 
point : place the middle of this Wire under a 
ball proceeding from the conductor, fo that it 
may receive a continued fpark from the ball, 
then give the wire a*rotative motion, and the 
balls in revolving will give a fpark to each ball 
of the fpiral tube, which will be communicated 
from thence to the board’ forming, from the 

| brilliancy 
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brilliancy of the light and it’s rapid motion, a 
very pleafing experiment. 


- All thefe experiments on the interrupted {park 
may be pleafingly and beautitully varied, and the 
{park made to appear of different colours, at the 
pleafure of the operator. 

Fig. 92 reprefents a-fmall glafs sabe {topped 
at one end with a piece of cork; k a wire pafs- 
ing through a piece of cork, fitted into the other 
end of a tube; the upper part of the wire is. 
furnifhed with a brafs ball, the end of the wire 
within the tube. is bent at right angles to the 
reft of the wire. 

EXPERIMENT LXXXVIII.—To perforate a glafs 
bottle by the eleiric fpark. ‘lake out the upper 
cork and wire; pour fome {fallad oil into this 
tube, and then fit in the cork, and pufh down 
the wire, fo that the end of it may be near or 
rather below the furface of the oil; prefent the 
ball towards a prime conductor, holding the 
finger or any other non-conductor oppoiite the 
bent end of the wire, and when a {park pafles 
from the conductor to the brafs ball, another 
will pafs from the end of the wire, and perforate 
the glafs; the oil will be curioufly agitated. 


This experiment appears more beautiful when 
it is made in the dark, After the firft hole is 
| made, 


i 
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made, turn the end of the wire round towards 
another part of the glafs tube, and a fecond hole 
may be made in the fame manner. | 

Mr. Lullen produces. very confiderable effects 
by paffing the fhock through wires that were 
inferted in tubes filled with oil. The fpark ap- 
pears larger in it’s paffage through oil, than 
when it paffes through water. 

Mr. Vilette filled a dith of metal with oil, and 
when he had electrified the difh, he plunged a 
needle into the oil, and received a very ftrong 
fpark as foon as the point of it came withina 
{mall diftance of the difh. A fmall cork ball 
being made to fwim in this oil, upon the ap- 
proach of the thick end of the ftalk of a lime, 
it plunged to the bottom, and immediately rofe 
up again. , | 

The feparation between the pieces of tin-foil, 
in experiment 62, forms-a refiftance which hin- 
ders the immediate reception of the electric 
fluid, and thus, in fome meafure, prevents the 
common action of: the point on the condu¢tor ; 
or, the power of a point to prevent an explo- 
fion, depends on it’s having a perfect uninter- 
rupted metallic communication with the earth : 
though this is not always fufficient, as may be 
feen by experiment 63, where the fluid is con- 
centrated and collected by the non-conducting 

fubftance 
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fubftance which furrounds the point; a cafe 
Gmilar, in many refpects, to the conductors 
which are erected for the prefervation of build- 


ings. » 
Phofphoric Experiments. 


EXPERIMENT Lxxx1x.—Pho/phorus :illumi- 
nated. Take fome of the powder of Canton’s 
phofphorus, and by means of a little {pirit of 
wine, ftick it all over the infide of a clean glafs 
phial, then ftop the bottle, and keep it from 
the light. To illuminate this phofphorus, draw 
feveral ftrong {parks from the conductor, keep- 
ing the phial about two or three inches from the’ 
{parks fo that it may be expofed to their light ; 
the phial will afterwards appear luminous, and 
remain fo for a confiderable time. 

_ Experrment xc.—Cut out in pafteboard, or 
- foft wood, the figure of a crefcent or any of the 
planets; cover this equally with the white of an 
ege beat up till it is quite {mooth, over which 
fift the phofphorus through a fine lawn fieve, 
then let it dry, and blow off all that is not fixed 
by the egg. To make the experiment, place. 
the object in the communication between two. 
directors, and difcharge the jar, when the 
whole will become beautifully luminous ; care 
muft however be taken to hold the dire€tors at a 
| . little 
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little diftance above the phofphorus, for if it 
pafles through it, the whole of the powder in 
the track of the fluid will be torn off. 

Place a fmall key on the phofphorus, and dit 
charge a Leyden phial over the phofphorus, and 
_ then throw the key off from it, and when it is 
exhibited in the dark, the form of the key and 
ail it’s wards will be perfectly feen. 

As the experiments on phofphorus are in 
themfelves exceedingly curious, and appear to 
me to be intimately connected with the nature 
of electricity, I hope I fhall not be thought to 
have deviated too far from the fubject of this 
_Effay, by introducing fome experiments of Mr. 
Wilfon on this fubjeét; the more fo, as the pro- 
ducing the prifmatic colours is by no means dif- 
ficult, as little more is required than a few 
oyfter fheils, and a good fire of any kind. For, 
if thofe fhells are thrown carelefsly into the 
middle of the fire, and continued there for a 
proper time, (which may be for ten minutes, a 
quarter, half, or three quarters of anhour, ac- 
cording to the thicknefs and compacinefs of the 
‘fhells, and the degree of fire they are expofed 
to,) they will exhibit {lively prifmatic colours, 
after they are removed from the fun into the 
dark fuddenly, and the eyes have been previoufly 
prepared a little to receive them. Mr. Wilfon 

excited 
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excited alfo the light of thefe fhells with electri- 
city in the following manner. 

ExperIMENT xcI.—He placed upon ‘a metal 
frand, which was rounded at top, and about half 
an inch in diameter, a prepared thell, that would 
exhibit the prifmatic colours very lively on the 
upper furface of this fhell, and near the middle, 
where the colour-making parts predominated, 
he brought the end of a metal rod, and then 
connected the two metals properly with the 
coatings of a charged phial, in order to dif. 
charge the fluid. -In this circuit there was left, 
defignedly, an interval of about three inches, 
unoccupied by metal, and next one fide of the 
glafs; the difcharge was made by completing 
the circuit with metal where the interval was 
left. The fhell, at that inftant, was lighted up 
to an exceeding great advantage, fo that all the 
colours appeared perfectly diftinct, and in their 
refpective places, anfwering to their different 
colour-making parts. Thefe colours continued 
vifible feveral minutes, and when they ceafed to 
appear, a white purplifh light occupied their 
places, which lafted for a confiderable time. 
And notwithftanding this experiment was re- 
peated with the fame and other fhells, the co- 
lours continued in their refpective places, and 
nearly of the fame degree of prilliancy ; except- 


ing, 
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ing, that in or near thofe parts where the exe 
plofion took place a few f{cales were driven off. 

- ExpeRIMENT XcII.—On jiring Spirit of wine by 
the electric foark. Let any perfon fland on the 
“infulating ftool, and connect himfelf by wire or 
chain with the prime conductor, he will then 
exhibit the fame appearances which are ob- 
tained from the conductor, and will attract light 
bodies, give the fpark, &c. and thus afford a 
pleafing mode of diverfifying every experiment. 
It is abfolutely neceffary, to the complete fuc- 
cefs of this experiment, that no part’ of the 
cloaths touch the floor, table, 8cc. and that the 
glafs feet be carefully dried: a sheet of dry brown 
paper placed under the ftool, will be. found of 
confiderable fervice, by Hise cnt the infulation 
more complete. 

If the infulated perfon lays his hand on the 
eloaths of one that is not fo, efpecially if they 
are woollen, they will both feel as it were many 
pins pricking them, as loneE as ae cylinder is 
in motion. 

EXPERIMENT xcltI.—To fire /pirits of wine 
with the eledlric foark. "eat the ladle I, fig. 33, 
then pour a fmall quantity of {pirits of\ wine 
into it, and fix it by it’s handle to the end of the 
prime conductor; or fire the fpirits, and blow 


them out a few minutes before the experiment 
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is made; take a {park through the middle of 
the ladle with a brafs ball, and the fpirits will 
be fired by it. 

Or let a perfon, ftanding on an infulating 
{tool, and connected with the prime conductor, 
hold the ladle with the fpirits in his hand, and 
let a perfon on the floor take a fpark through 
them, and they will be fired. The experiment 
anfwers equally well, if the perfon on the floor 
holds the ladle, and the infulated perfon takes 
the f{park. 

ExperIMENT xciv.—The foregoing experi- 
ment may be agreeably diverfified in the fol- 
lowing manner. Let one electrified perfon, 
ftanding on an infulated ftool, hold the fpirits. 
Let another perfon, ftanding alfo on an infu- 
lated ftool, hold in his hand an iron poker, one 
end of which is made red hot, he may then ap- 
ply the hot end to the fpirits, and even immerge 
it in them without firing them. But if he put 
one foot on the floor, he may fet the fpirits on 
fire with either end. 

ExpeRIMeNT xcv.— The fpirits cannot be 
kindled by an infulated perfon, becaufe, as the 
electric fluid cannot efcape through him to the 
earth, he is incapable of drawing ‘a fpark fufhi- 
ciently {trong to inflame them, and hot iron will 
{eldom or never fet fpirits on fire. 


Or 
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Or InFLAMMABLE AIR, AND THE PISTOL FOR 
FIRING INFLAMMABLE AIR BY THE ELECTRIC 
SPARK. 


A fpecies of air, which is inflammable, is fre- 
. quently generated in coal mines: the air alfo 
emitted by ftirring the mud of fome ftanding . 
waters, has been found tobe inflammable. Pu- 
trefcent animal matter alfo- emits this fluid. It 
may be obtained by diftillation from wax, pitch, _ 
amber, coals, and other phlogiftic fubftances. — 
The following is the moft convenient method 
of procuring it: put fome {mall nails or iron 
filings into the bottler, fig. 38; cover thefe 
with water, then -add to thisa little oil of vir 
triol, about one quarter of the quantity there is 
of water; put the ground end of the bent tube 
"into the mouth of the bottle, and pafs the other 
end through the water of the bafon T into the 
neck of the bottle K, which is filled with water, 
and inverted in the bafon; the bottle K muft be 
{upported during the operation: ina little time 
the mixture will effervefce, and emit a fluid 
which will pafs through the bent tube, go into 
the bottle K, and at laft fill ir totally, expelling 
the water; the bottle is then to be removed, 
and corked as expeditioufly as poffible. 
Fig. 
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Fig. 39 reprefents a brafs piftol for inflam- 
mable air; ab is the chamber of brafs, to the 
mouth ac of which a cork is fitted, a perforated 
piece of brafs g {crews on to the bottom of this 
chamber, (this piece is reprefented by itfelf in 
fig. 40,) a glafs tube f is cemented into the per- 
foration of this piece, anda brafs wire is alfo 
cemented into.the glafs tube; one end of this 
wire is furnifhed with a ball, the other extremity 
is bent, fo as to come within about a tenth of 
‘an inch of the brafs piece. Fig. 41 is a brafs 
‘cap, which fcrews on the piftol, to preferve the - 
glafs tube from any accident. The air with 
which the piftol is to be charged fhould be kept 
ina corked bottle: take out the cork and apply 
in the fame inftant the mouth of the piftol to 
“the opening of the bottle, and the common and 
inflammable air will mix together, becaufe the 
former being heavier than the latter will natu. 
rally defcend; keep the piftol in this fituation 
about 15 feconds, then remove it, and cork both 
. the bottle and piftol with the utmoft expedie 

tion. 
If the piftol is held too long over the bottle, 


and is intirely filled with inflammable air, it 
will not explode, 


P | . Descrip~ 
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Description OF ANOTHER APPARATUS FOR 
MAKING. INFLAMMABLE AIR, AND FILLING 
THE Air Pastor, &c. 


‘This apparatus confifts of the following articles. 
tA glafs funnel. 

2. A fmall glafs tumbler. 

3. A bladder tied to a ftop cock. 

4. A brafs pipe pafling through a cork; which 
cork i is made tapering, to fit the neck of acom- 
‘mon wine bottle : the upper part of the pipe has 
a male f{créw, to fit the {crew on the lower end 

“of the ftop cock. 

sg, An air piftol ented with a valve at the 
end 2, fig. .39; the wire palling through a. glafs 
‘tube, and to which the fpark is to be given, is 
‘fitted into the fide of the piftol. At the endb 
‘of the piftol is-a male {crew which fits the lower 
end of the {top cock. 

6, A’box with iron filings. 

7. A {mall meafure which will hold the pro- 
per quantity of iron filings. . 

8. A brafs tube and hollow flyer; the iyeles 
“end of the brafs tube fits the ftop cock. 
~ “Soak the bladder in water w hich is lukewarm,. 
in order to foften it; and then render it pliable, 
by blowing air into it and fqueezing it out again. 
After this fcrew the conical pipe with the cork 

LAl@ 
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into the lower end of the ftop cock, and it is 
ready for ufe. Then take a common quart wine 
bottle, and put into it a little hot water, to 
warm it. Pouras much oil of vitriol into the 
tumbler, as will about half fill it, and mix this 
in another tumbler with about three times the 
quantity of cold water. ‘Throw the warm water 
out of the bottle, and put a meafure of iron 
filings into it, then pour out the diluted vitriol 
through the glafs funnel upon the iron filings. 
As foon as the effervefcence begins, put the 
cork with it’s pipe into the neck of the bottle, 
and the inflammable air which is generated by 
the mixture, will enter into and gradually {well 
the bladder. When this is full, {hut the ftop 

cock, and remove the bladder from the bottle. 
The bladder being thus filled, {crew the bet- 
tom of the piftol upon the ftop cock; comprefs 
the bladder, and introduce by this means about. 
as much inflammable air, as you judge will fall 
one third of it’s capacity, and put the cork im- 
mediately into the muzzle of the piftol. To 
_ form acircle of fire with inflammable air, fill 
the bladder as before, unfcrew the conical tube 
from the {top cock, and fcrew the brafs fly in 
it’s place, open the cock, and comprefs the 
bladder; the air will pafs through the fly, and 
fet it in motion; light the air at the end of the 
P2 | pipe, 
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pipe, and a beautiful circle of fire will be fotmed - 
by the motion of the bent tube, and the fired air 
which iffues from it’s points. ‘The piftol is fired 
as in experiment 69. 

Iftoo great a quantity of (aAlertrmable air is 
Gditrethicedst into the piftol, it will not. explode; 
to remedy this, blow ftrongly into: the muzzle 
_ of the piftol, this will force out a quantity of the 
inflammable air,: and occafion a quantity of 
common air to enter the init which will then 
readily explode. | 

The bottle fhould be taken into the open air 
and be well wafhed, as foon as the bladder: is 
filled. | : 

ExpertMent xCVI.—To' fire inflammable air. 
Beas the ball of the piftol, which is charged 
-with°inflammable air, near the prime conduc- 
‘tor, or the knob of a charged bottle, the fpark 
which paffes between the end of the wire f and 
the piece g, fig. 40, will fire the inflammable 
air, and drive the cork to a confiderable dif- 
tance. . This air, like all other, requires the pre- 
fence either of common air, or elfe of vital air, to 
‘enable it to burn; but, if it is: mixed with a 
‘certain quantity of common air, an explofion 
" avill take place in pafling ‘the electric Apatis 
through it. 

| Mr. 
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. Mr. Cavallo recommends a”piftol made in the. 
following manner, to thofe who with to make 
experiments on the explofion of inflammable 
and dephlogifticated air, or with known quan-, 
tities of common and inflammable air., It con-; 
fifts of a brafs tube, about one inch in diame- 
ter and fix inches long, to one extremity of 
which a perforated piece of wood is fecurely 
fitted ; a brafs wire, about four inches long, is 
covered, except it’s ends, firft with fealing-wax, 
then with filk, and afterwards with fealing-wax 
again. This wire is to be cemented in the per- 
foration of the wooden piece, fo as to project 
about two inches within the tube, the reft is on 
the outfide; that part of the wire, which is 
within, is bent fo as to be only about the 
tenth of an inch from the infide of the brafs 
tube.* 

To ufe this piftol; fill it ine and then i in- 
vert it into a bafon of water; make the required 
quantity of inflammable and common air in an- 
other veffel, by putting in known and propor. 
tionable meafures of each; introduce this mix- 
ture into the piftol, and then ftop it with a 
cork, take the piftol out of the water, and pafs 
in the ufual manner the {park of a charged jar 

Py through 


* Cavallo on Air, p. 818, 
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. through it, and the inflammable air will be 
fired. , ; 

- The inftruments for firing the inflammable 
air with the electric fpark, are often made in 
the thape of a cannon, — 


CH AP. 


AN ESSAY ON ELECTRICITY. 215) 
Oe. eae 
Or ExvecrririsD Points. 


Miekeeiys XCVITI. — Diff Gpation of mA 
by a point. 


PRSENT the saaiael end of a wire towards 

a conductor which is pofitively electrified, 
a lucid elebular point or ftar will appear on the 
point, and the electric fluid will be evidently 
conveyed away and eth pater! from the con 
ductor. 

EXPERIMENT XCVIII. buh of electric light. 

Prefent a pointed: wire towards a conductor that 
is electrified negatively; a lucid cone or brufh 
will be feen diverging from the point, and the 
quantity of fire will be increafed. 
_ Experiment xcix.—Star of ele@ric light. 
The lucid ftar is feen on the collecting points of 
a pofitive condu&or, while a diverging cone 
will-appear on a point placed at the end of the 
conductor, : 


_ To determine te ae sics of the electric 
fluid, has ever been an objec of confiderable 


importance to the electrician; as it would enable 
P4 | him 
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him to decide on the truth of thofe theories, 

which have been invented to account for it’s 
phenomena, and greatly affift him in the pro- 
erefs of future difcovery : to this end much ftrefs 
has been laid on the different appearance of the 
light, which is perceived on the pointed ends 
of eleétrified conducting fubftances; as thefe 
have been fuppofed to elucidate fully this inte- 
refling queftion. 

The electric fluid appears as a diverging 
oe darting forwards into the air, from’a 
point electrified pofitively.. The luminous ap- 
pearance on a point negatively electrified, is that 
of a {mall little globule or ftar. 

Now, as the air is known to refift the motion 
of the electric fluid, the rays of it would by this 
refiftance be made to diverge; therefore, when 
this fluid is darting from a peint into the air, it 
will affume the form of a lucid cone or brufh, | 

To this it has been objected, that thefe rays 
may poflibly be converging from fo many points 
in the air towards the point, and not diverging 
from it; -but, as there does not appear any reas 
fon why a vifible ray fhould break out from one 
place in the atmefphere more than another, the 
former account feems more conformable to na- 
ture, and the known laws of other fluids. The 
air refifts the motion of ar electric fluid equally. 

| There- 
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Therefore, when this fluid is coming from the 
air towards a pointed conductor, it would, per- 
colate flowly and invifibly through the air, ‘but 
equally on all fides, till it comes fo near as to be 
able to break through the intermediate fpace; 
but as this will be equal or nearly fo all around, 
the negative electricity muftappear like a) fteady- 
luminous globule on the point.* -Notwithftand- 
ing the apparent probability of the above rea-= 
foning, it may ftill be objected, that no decifive _ 
conclufion can be drawn’ from thefe appeara 
ances, as they may be varied by augmenting or 
diminifhing the volume.of the pointed body, and 
by a variety of other circumftances. 

ExpertMeEnt C.—A Jucid cone appears on the 
collector of a negative conductor, and a /ucid flar 
on a point placed at the oppofite end of the con- 
ductor. . , : 

ExprRIMENT c1.~—Bring an excited glafs tube : 
near a point that is fixed at the end of a pofi- 
tively eleétrified conductor, and the luminous 
brufh will be turned out of it’s direétion by the 
action of the excited tube; if the tube is held 
directly oppofite to the point, the bruth will 
vanifh. 

ExpnriMenr cit. Rix the point to the end 
of the negative conductor, the lucid ftar will turn 
¢owards the excited tube. 7 | | 

. ExpeErt- 


* Encyclopedia Britannica, p. 2699. 
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» ExperIMENT CIil.—-AZion of flame. Put a 
wire, which has a ball at one end, into the hole 
at the end of a pofitive conductor, place a 
lighted candle fo that the middle of the flame 
may be even with the middle of the ball, and 
about an inch from it; turn the machine, and 
place the fame wire at the end of the negative 
condu&or, the appearance will be reverfed, 
and the knob will foon be heated by the flame 
of the candle which is carried towards it. : 
Experiment civ.—Elefiric fly. Fixa pointed 
wire in the hole on the upper fide of the cons 
ductor, then place the center of the brafs crofs 
K, fig. 34, upon the point, the ends of which 
erof{s are all bent one way; electrify the con- 
dudior, and the crofs will turn upon it’s center 
with great rapidity. If the room be darkened, 
a circle of light will be forrned by the electric 
~ fluid on the points of the wires. The re-action 
of the air on the diverging cone of electric mat- 
ter gives the retrograde motion to the points of 
the wire. | ej 
The fly turns round in the fame direction, 
whether it is electrified negatively or pofitively 
though it will not move in vacuo, unlefs the 
finger, or fome other conductor, is applied to 
the glafs receiver oppofite to one of the points, 
it will then begin to move, and continue to do 
fo brifkly, till the glafs is charged. 
EXPERI- 


Ps 
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ExpertMent cv.—Electrify the two infulated - 
wires MN, oP, fig. 35, and the refiftance of 
the air againft the electric ftream, from the 
point of the fly L, (the axis of which rolls on 
the wires) will force the fly up the declivity of 
the inclined plane, MN, o P.. 

EXPERIMENT cvi.—Fig. 36 reprefents a 
Jmall crane, which will move from the fame 
caufe as the foregoing, and raife a fmall weight 

EXPERIMENT cviI.—Several flyers may be 
made to turn at the fame time, fee fig. 37, and 
many other pleafing experiments may be con= 
trived on the fame principle ; or, the flyers may 
be placed one above another, diminifhing gra. 
dually in fize, and forming, when electrified, a 
juminous cone ; the circles of light will be more 
brilliant, if the ends of the wires are covered 
with a thin coating of greafe, ae or 
fulphur. — Sift 

_ Experiment. cyItl. —Spark from a point it~ 
merfed i in oil. Ummerge a metallic point in a 
metal veffel nearly filled with oil of vitriol, and 
placed on an electrified conductor, /carce any 

{park will pafs to the point, althoughit is held 
very near the bottom of the veffel. If this is 
filled with effential oil of turpentine, a {mall 
light may be feen from time to time in the body 
of the fluid. Ifcommon oil is ufed, the point 
x wilt 
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evil take firong fparks, and the.ele€tric fluid, in 
endeavouring to reach it, will occafion an ebul- 
lition in the oil. 

So that the electric fpark achottta ina “i 
meafure on the conducting power of the mee! 
dium through which 1 it pafles. . ogi 


Eletivic Boats. 


If {mall boats, or little fwans, &c. are. dade 
of cork or light wood, they may be attracted, 
and made to {wim.in any direction, by apply- 
ing a finger towards them; a fine needle ftuck 
into the end of the: boats, in the manner. of -a — 
bowfprit, will caufe them’ to be repelled from. 
the hand held over it, and they may be fteered’ 
by it, ftern foremoft, to what point of the com~ 
pals you pleafe. Theboats might have. the ad- 
dition of fails to them, and might then be made 
to move brifkly before an electrical gale, from’ 
the point of a wire held in the hand. | 
~. ‘The operator in thefe tricks would certainly 
be looked upon as a magician, if the electrical 
machine is kept out of fight. Buta more ftrik- 
ing dight, would be a number of thefe boats, 
with each of them a twirling fly, about an inch 
in: length, fixt to the top of the maft; the hand 
held overthem would fet them all in motion : 

2 in 
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in the dark, they would appear as fo many rings 
of fire, moving in various courfes, and follow- 


ing the hand in any direction. 


When a few young’ perfons have nothing elfe 
todo, they might very innocently amufe them- 


{elves, by making a reprefentation of a kind: of 
fea-engagement between thefe boats. Suppof- 


ing each of them large enough to hold a {mall 


coated phial, without finking, thefe phials may 


be charged, fome of them. pofitively on the in- 
fide, others. negatively ; they may then be 
placed at the bow of the boat, with the wire 
ball and uncoated part of the phial projecting 
‘over ;.a {mall brafs: chain fhould be made to 
touch the outward coating of the phial, and the 
other end brought over the ftern of the boat, 
and hang fo as totouch the water. The boats 
being then put into a trough of water, and 


pretty highly charged, they will foon be in mo- 


tion; thofe that are electrified alike, will repel 
each other ; and thofe poffeffed of a contrary 
eleGricity, will be attracted, till the balls of,the 
two phials approach pretty near together ; they 
will then difcharge their contents witha loud 


-explofion, and the boats will area fheer 


from each other,* | 


“When 


‘ 
Mae 


* Becket’s Effay on Eleétricity, p. 36. 
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» When the electric fluid percolates a wooden 
point, the ftream or cone, which iffues from it, 
feems diluted, and fomething fimilar to the 
purple electric light, which is obtained in 
vacuo. ‘The action of the electric fuid onthe 
air, by an eleGtrificd point, produces a fenfible 
aura, or wind, of fufficient force; as is feen 
above, to put light bodies in motion, or difturb 
the flame of a candle, and ‘occafion an undula- 
tion in the fluids: the action of the fluid is fo 
modified by points, as to produce an agreeable 
fenfation, refembling a gentle breathing ; this 
fenfation may be rendered more or lefs ftimu- 
Yating, by the refiftance the fluid meets within 
jt’s aGion on our bodies, an .effect which is 
- productive of great advantages in medical ‘elec 
tricity. 


Mr. Nicuoison, upon the luminous appearances 
of elettricity, and the action of points. 


He obferves, that the cfcape of negative elec- 
tricity from the ball is attended with the ap- 
pearanceof ftrait fharp fparks, with a hoarfe or 
chirping noife. ‘When the ball was lefs than 
_two-inches in diameter, it was ufually covered — 
~ with fhort flames. of this kind, which were very | 


numerous.. 
When 


w 
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When two equal balls were prefented to each 
dae, and oneof them was rendered ftrongly 


-pofitive, while the other remained in connection 
with the earth, the pofitive bruth or ramified 


fpark was feen to pafs from the electrified ball ; 
when ‘the ‘other. ball was electrified negatively, 
and the ball, which before had been ‘pofitive, 


-was connected with the ‘ground, the electricity 
(paffing the fame way, according to Franklin) 


exhibited the negative flame, or denfe ftrait 
and more luminous fpark, ftom the negative 
ball; and when the one ball was ‘eleCrified pis, 
and ‘the ‘other minus, the figns of both electri- 
cities appeared. If the interval was ‘not too 


‘great, ‘the long zig-zag fpark ‘of ‘the plus ball, 


ftrack'to the ftrait flame of the mzus’ball, ufually 
at the diftanceof-about one-third of the length 
“of the ‘latter ‘from. it’s point, ‘rendering the other 
‘two-thirds very ‘bright. ‘Sometimes, however, 
the pofitive fpark ftruck ‘the ball at-a diftance ~ 
from ‘the negative'flame. Thefe effects. are ye- 

-prefented ‘in plate ‘I. fig..7, 2,.3. 
- Two-conducttors ‘of ‘three-quarters of an’ inch 
‘diameter, ‘with {pherical-ends of ‘the fame dia- 
‘meter, ‘were ‘laid »parallel to each other, atthe . 
‘diftance of about'two'inches, in fuch a manner 
-as that ‘the-ends ‘pointed ‘in oppofite directions, 
‘and ‘were fix or eight ‘inches afunder. Thefe, 
— which 
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_ which may be diftinguifhed by the letters P-and 
vM, were fucceflively : electrified as ‘the: balls 
-ywere inthe laft paragraph. When one conductor, 
'P, was pofitive, fig. 5, it exhibited the fpark of 
»that electricity at it’s extremity, and:ftruck the 
fide of the other conductor M.- When the laft- 
mentioned conductor M_ was electrified nega- 
tively, fig. 4, the former being) in it’s:turn con- 
nected. with the earth, the {parks -ceafed to 
“trike as before, ,and: the extremity: of the ‘elec~ 
-trified conductor ‘M exhibited negative figns, 
wand ,ftruck the fide: of the: other conductor. 
And when one conduttor. was electrified plus, 
and the other minus, fig.,6; ‘both figns appeared 
at the fame time, and continual. ftreams of elec- 
tricity pafled. between the extremities of each 
- conductor to,the fide of the other condu&tor op- 
“pofed. to it. Ineach of thefe three cafes, the 
‘current of electricity, on the hypothefis of a 
fingle fluid, paffed the fame way. } 

-In drawing the long {park froma ball of hi 
inches diameter, it was found ‘of fome confe- 
‘quence that the ftem fhould not be too fhort, 
_becaufe the vicinity of the large prime conduc- 
tor altered the difpofition of the electricity to 
efcape; a fet of experiments were therefore 
_ made, the refult of which fhewed, that the difpo- 
fition of balls to receive or emit electricity is _ 

greatclt 
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greateft when they ftand remote from other 
furfaces in the fame ftate; and that between 
this greateft difpofition in any’ ball, whatever 
may be it’s diameter, every poffible lefs degree 
may be obtained by withdrawing the ball to- 
wards the broader-or lefs convex furfiace, out of 
which it’s ftem projects, until at léngth the 
~ ball, being wholly deéprefféd beneath that fur- 
face, lofes the difpofition entirely. From thefe 
experiments it follows, that a variety of balls is 
unneceffary in ele@ricity ; becaufe any fmall 
ball, if near the prime conduor, will be equi- 
‘valent to a larger ball whofe ftem is longer. 

_ From comparing fome experiments, made by 
himfelf many years ago, with the prefent fet, he 
éonfidered a point as: a_ ball of an indefinitely 
fmall diameter, and conftructed an inftrument 
confifting of a brafs ball of fix inches diameter, 
through the axis of which a ftem, carrying 4 
fine point, was crewed. When this ftem is 
fixed in the prime conductor, if the ball be 
tnoved on it’s axis in either direction, it ‘caufes 
the fine point either to protrude through a fmall 
hole in it’s external furface, or to withdraw it- _ 
felf ; becaufe by this means the ball runs along 
the ftem. The difpofition ‘of thé point to 
tranfmit electricity may thus be made equal te 
that of any ball whatever, from the minuteft 


tage apie {ize 
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fize to the diameter of fix sail ace fig. %y 
letyA, 

The action of pointed bodies has been a fub- 
ject of difcuffion ever fince it was firft difco- 
vered, and is not yet well explained. To thofe 
who afcribe this effect. to the figure of electric 
atmofpheres, and their difpofition to fly off, it 
may be anfwered, that they ought firft to prove 
their exiftence, and then fhew why the caufe 
which accumulated them does not prevent their 
efcape ; not to mention the difficulty of ex- 
plaining the nature of negative atmofpherés. If _ 
thefe be fuppofed to confift of electrified air, it 
will not, be eafy to fhew why a current of ene ae 
pafling near a prime conduétor does not deftroy 
it’s effects. The opinion, fupported by the ce- 
lebrated V olta and others, that the point is the | 
coating to an infinitely fmall plate of air, does 
not . appear better founded; for fuch a plate 
muft be broken through at a greater diftance 
only becaufe higher charged; whence it would 
follow, that points fhould not act but at high 
intenfities. Asa proof that the char ge has little 
to do here, if a ball be prefented to the prime. 
conductor, at the fame time that a point pro- . 
ceeds from the oppofite fide of the ball, the. 
glectricity, will pafs by the point, though it is : 
obliged to go round the ball for ana) purpofe ; 

but 
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but it can hardly be doubted; that whatever 
charge obtains in this cafe is on the furface of 
the ball next the conductor, and not on the re- 
mote fide'to which the electricity directs it’s 
courfe. 3 2 
Achard's experiments with a number of 
pointed cones, {crewed in a plate of metal, and « 
likewife the pointed apparatus before-defcribed, 
fhew that the effect. of points depends on the 
remotenefs of their extremities from the other 
parts of the conductor. This leads to the fol. 
lowing general law. _ | 
In any eleGtrified condu€for the tranfition or - efabe 
of elefricity, will be made chiefly from that part of 
the furface which is ibe ee remote from the natural 
| ate. 3 ? 
Thus in the apparatus of the ball and ftem, | 
the point having a communication with the reft 
of the whole conductor, conftantly pofleffes the 
fame intenfity; but the influence of the fur- 
rounding furface of the ball diminifhes it’s capa- 
city. This diminution is lefs the farther the 
ball is withdrawn, and confequently the point 
will really poffefs more electricity, and be more 
difpofed to give it out when it is prominent 
than when depreffed. The, fame expinatiog 
ferves for negative electricity, ae 


eM isd ans 
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The effec of a pofitive furface appears to 
. extend further than that of a negative: for the 
-point.acts like a ball when confiderably more 
prominent if it be pofitive, than it will if nega- 
tive. This property “was ufed fome years ago 
for the conftruction of an inftrument to. difiin- 
euifh the two electricities.* 

For the fake of concifenefs, many fadts are 
pafled over, which have prefented themfelves in 
the courfe of the experiments on the two elec- 
triciries ; there is, however, fcarcely any experi- 
ment made with the pofitive power, which will 
not afford a refult worthy qt: notice, if repeated 
with the negative. 

~When we confider that our machines can 
caufe a ball of an inch and half diameter. to act 
like a point, and that our apparatus makes a 
point act like a ball; if at the fame time we re- 
mark the {mall elevation of our conductors for 
lightning above the extended furface of the 
ground, and the {mall fize of the balls propofed 
by fome to be ufed as terminations; the difpute 
which was fo much agitated refpecting them, 
will perhaps be found to relate to a. very minute 
circumftance, among the many which govern, 
the great operations of nature. It does not 
feem probable, that any conductor would act 


filently 
7 introduétion to Natural Phifefophy, Vol. yy Ps 320. 
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filently if the main courfe of the electricity of a 
negative cloud were to pafs through ir, and 
many ‘would probably receive the {troke from a 
pofitive cloud. It does not, however, follow 
from this, that they might not conduct it with: 
fafety. ; | 
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C.); BH: Agee: o & 
Or tHe Leypen Purat. 


HE experiments upon the Leyden phial: 
T are fome of the moft interefting in elec- 
tricity; they excited the attention of the philo- 
fopher to this fubje& more than any other ex- 
periment, and are {till viewed with wonder and 
furprize. 

EXPERIMENT C1X.—Charging wie difcharging in 
general the Leyden phial. Place the brafs ball of | 
a coated jar in contact with the prime conduc- 
tor while the outfide communicates with the 
table, turn the cylinder, and the bottle will in 
a little time be charged, or modify the electric 
fluid in a peculiar manner. To difcharge the 
jar, or reftore it to it’s natural ftate, bring one 
end of a conducting fubftance in contact with 
the outfide coating, and let the other be brought 
near the knob of the jar which communicates 
with the infide coating, a {trong explofion will 
take place, the electric light will be vifible, and 
the report very loud. 

EXPERIMENT Cx.—The electric foock. Charge - 
the Leyden bottle, then touch the outfide coat- 


ing 
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ing with one hand, and the knob with the other, 
the bottle will be difcharged, and a fudden pe- 
culiar fenfation will be perceived, that : called 
the electric fhock. . 

The fhock, when it is taken in this manner, — 
generally affects the wrifts, elbows, and breaft: 
when the fhock is ftrong, it refembles an uni. 
_ verfal blow. © This peculiar fenfation is proba- 

bly owing to the two-fold and inftantaneous ac-~ 

‘tion of the electric fluid, which enters and goes 

out of the body, and the various parts through 
which it paffes, at one and the fame inflant. It 
has been alfo obferved, that nature has appointed 
a certain modification of the electric fluid in all 
terreftrial bodies, which we violate in our ex- 
periments; when this violation -is fmall,’ the 
powers of nature operate in a gentle manner to 
rectify the diforder we have introduced; but 
_ when the deviation is confiderable, the natural 
powers reftore the original conftitution with: ex- 
treme violence. 

- If feveral perfons join seal aii the. firft 
_ touches the outfide of a charged jar, and the laft 
the knob, the bottle will be difcharged, and they 
will all feel the fhock at the fame inftant; but 
the greater the number of perfons that. join hands 
to take a fhock, the weaker itis. — Mii 

_ The force of the fhock is in proportion to the 


Q4 quantity 
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quantity of coated furfaces, the thinnefs of the - 
glafs, and the power of the machine; or, the 
effect of the Leyden phial is increafed, in pro- 
portion as we deftroy the equilibrium on the 
furfaces. 

A given quantity of electricity, impelled 
through our body with a given force, produces — 
a weaker fenfation, than twice that quantity 
impelled with half that force, and confequently 
the ftrength of the fhock depends rather more 
on the quantity of fluid, which paffes through — 
our body, than on the force with which it is 
impelled. Yet, the force of an explofion feems 
_ to depend more on the degree to which the 
fluid is.compreffed, than on the quantity ; hence 
a fmall phial fully charged will act nearly. as 
ftrong as a large jar which is half charged. 

If a charged jar is coated very high, it will 
difcharge itfelf before. it has received near the 
charge it would take if the coating was lower. 
If it is coated very low, this part of the furface: 
may be ‘charged very high, but a confiderable. 
part of the glafs is not charged at all. 

When a jar is charged yery high, it will often 
explode or difcharge itfelf over the glafs from 
one coated furface to the other; or, if the glafs: ~ 
is thin, it will make a hole through it, and: 
fwell the coating on both fides, the glafs in the 

hole 
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: hele will be pulverized, and very. often a variety 
of fiflures will proceed from it in various diree- 
tions. . 

A Leyden jar very often recovers it’s ele@ri- 
city, in a fmall degree, after a difeharge has. 
been made; this fecond explofion is called the 
refiduum of a charge. 

_ The form or fize of the glafs is no ways ma- 
terial to the receiving of a charge. : 

To avoid receiving the electric fhock, be 
careful never to touch the top and bottom of the 
jar at the fame time, and never to enter a circuit 
formed between the infide and outfide of a jar; 
for the effect of the Leyden phial depends en- 
tirely on the reciprocal aétion of the two fur- 
faces, and does not take place, when either is 
touched feparately. By attending to this eb- 
fervation, jars of any fize may be handled with 
fafety. Indeed, the human frame makes fo little 
refiftance to the free paflage of this fubtle agent, 
that no other inconvenience will attend a thock 
from a common-fized charged jar, than i a ety 
fient difagreeable fenfation. 

Touch the knob of a charged jar, no fhock 
will enfue; but the finger, or part that toucltes 
the ball of the jar, will be affected with a fharp 
fenfation, as if it had been pricked with a needle. 
The difcharge i is filent and without an explofion, 

when 
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when the communication between the two fides 
of the jar is made by imperfect conductors. 

A charged phial fet upon electric fubftances, 
may be taken hold of without danger, either by 
the coating or the wire ; a {mall fpark only will 
proceed from either. | 

Magic piffure. The magic picture is a coated 
pane of glafs, proper to anfwer the purpofe of 
the Leyden experiment; over the coating on 
one fide is pafted a picture, on the other fide a 
piece of white paper is pafted, foas to cover the 
whole glafs; it is then put intoa frame, with 
the picture uppermoft, and a communication is 
formed from the tin-foil of the under fide to the 
bottom rail of the frame of the picture, which 


’ yail is covered with tin-foil. 


Lay the picture on the table, with the print 
uppermoft, and a piece of money on it; let a— 
chain fall from the conductor to the print, turn. 
the cylinder, and the plate of glafs will foon 
be charged; now take hold of the picture by 
the top rail, and let another perfon take hold 
of the bottom rail, and endeavour to take off the 
‘piece of money; in doing this they will receive 
a fhock, and generally fail m the attempt. 
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Dr. Frankuin’s Titzory or tHe Leypewx 
| Borrie. 
: : ! : 
Glafs is fuppofed to contain at all times, on 
it’s two furfaces, a large quantity of the electric 
fluid, which is fo difpofed, that, if you increafe 
| the quantity on one fide, the other muft throw 
off an equal proportion; or, when one fide is 
pofitive, the other muft be negative. Now, as 
no more of the electric fluid can be forced on 
one fide, than can go off on the other, there is 
no more in the bottle, after it is charged, than 
was there before; the quantity is neither. in- 
creafed or leffened on the whole, though a 
change may be made in it’s place and fituation; 
i, e. we may throw an additionad quantity on 
one of it’s fides, if, at the fame time, an equal 
quantity can efcape from the other, and not 
otherwife. This change is effected by hning 
parts of it’s two furfaces with a non-elec- 
tric; through the mediation of which, we are 
enabled to convey the electric fire. to every 
phyfical point of the furface we propofe to 
charge, where it exerts it’s aCtivity in repelling 
the electric particles naturally belonging to the 
other fide; all of which have an opportunity of 
efcaping by the lining in contact with this fur- 
face, 
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face, which, for that purpofe, muft communi- 
* cate with the earth: when the whole quantity 
belonging to this furface has been difcharged, 
in confequence of an equal quantity thrown 
upon the other furface, the bottle is charged 
as much as it can poffibly be. The two fur- 
faces are at this time in a ftate of violence; the _ 
inner, or pofitive fide, ftrongly difpofed to part 
with it’s additional fire; and the outer, or ne- | 
gative fide, equally defirous to attract what it 
has loft; but neither of them capable of having 
a change in it’s ftate effeed, without the equal 
and cotemporary participation of the other. 
Notwithftanding the vicinity of thefe two fur- 
faces, and the ftrong difpofition of the electric 
fluid. contained in one of them, to communicate 
it’s fuperabundance to the other, and of that to 
receive it, vet there is an impenetrable barrier 
between them; for fo impermeable is glafs to 
the eleétric fluid, (though it permits one fide of 
it to ad upon the other,) that it’s two furfaces 
remain.in this ftate of contrariety, till a com- 
munication is formed between them, aé extra, 
by a proper conductor, when the equilibrium is _ 
fuddenly and violently reftored, and the electric 
fluid recovers it’s original ftate of equality on 
the two fides of the glafs. 


THE 
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"Tue Lrypen PHIAL CONSIDERED IN A DIF« 
FERENT Point oF Viaw. 


We have already fhewn, that whenever a 
quantity of the electric fluid is brought within 
a certain diftance of the furface of any body, 
(whether metal, wood, or.glafs,) it will always 
produce on that body a contrary electricity ; and 
this more readily, and permanently, when the 
body has a communication with the earth. 

The equilibrium will not be reftored fo long 
as the power continues of the fame force, and 
acting at the fame diftance; but the nearer this 
power is brought to the furface, the greater is 
the effect it will produce. It has alfo beea 
fhewn, that the eleétric fluid will communicate 
thefe powers through glafs, nearly as well as 
through air. 

Now as glafs refifts the paflage of the fluid 
more than wood or metal, the fluid will be 
longer i in paffing through a given length of glafs, 
than through the fame length of wood or metal. 

But by means of the metallic coating on one 
fide of the glafs, the electric fluid is placed in 
the moft advantageous fituation for producing a 
ftrong and uniform action on the contrary fide, 
on which, the refiftance is leflened with as great 

advantages) . 
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advantages by the other metallic coating, which 
- 4S connected with the earth; and this contra- 
riety will continue till the equilibrium is re- 

ftored by connecting the oppofite fide with a- 
conductor. he 

When an electric is excited, the two powers. 
are faid to be feparated: they are alfo known to 
repel their own particles, and attract the con- 
trary. When one fide of a jar is made pofitive, 
may it not repel the pofitive electricity from the . 
other fide, feparating it from the negative, which 
is flrongly attracted through the glafs? 

The outfide of the jar cannot then be faid to. 
he deprived of it’s electricity, but only has it’s 
fluid changed; and when the fluids are fepara- 
ted, they are ever eager to conjoin again.* 


= 


ComBInep APPARATUS, 


. The apparatus, reprefented fig. 49, will be 
found exceedingly convenient for making a va- 
siety of experiments on the Leyden phial. [| 
have endeavoured to combine the parts of it in| 
in fuch manner, as to render the apparatus ex- 
tenfively ufeful, without being complicated. A, 
ig an infulated pillar of glafs, which is fcrewed 

. to 


* See Ecles’s Philofophical Effays; Wilfon’s Short View 
of Ele@ricity ; and Milner’s Obfervations on Elettricity. 
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tothe wooden foot B: all the different parts of 

the apparatus may be fcrewed alternately on 
this pillar. C, is an exhaufted tube of glafs, fur- 
nifhed at each end with brals caps: at the end 
D isa valve, properly fecured under the brafs 
plate; a brafs wire, with.a ball, projects from. 
the upper cap’; a pointed wire proceeds from 
the bottom plate; this tube is called the lumi- 
nous conductor. The flafk, reprefented at E, 
is called the Leyden vacuum. It is furnifhed. 
with a valve under the ball E; this ball un- 
{crews, in order to come more readily at the 
valve: a wire, with a blunt end, projects a little 
below the neck of the flafk; the bottom of the 
flafk 1s coated with tin-foil: a female {crew is 
cemented to the bottom, in order to {crew it 
onthe pillar A. © ‘ 

F, is a fyringe to exhauft the air occafionally, 
either from the luminous conductor, or the 
Leyden vacuum. To do this, unfcrew the ball 
_ of the Leyden vacuum, or the plate of the lumi-. 
nous conductor, and then fcrew the fyringe in 
the place of either of thefe pieces, being careful 
that the bottom of the female fcrew G bears 
clofe againft the leather which covers the fhoul- 


der ab, cd, then work the fyringe, and ina, > 


few minutes the elafies will be fufficiently ex- 
haufted. H and Lare two Leyden bottles, each. 
I . of 
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_ of which has a female ferew fitted to the bot- 
torh, in order that they may be conveniently 
{crewed on the pillar A. The bottle H is fur- 

_nifhed with a belt, that it may {crew fideways 
on the pillar A. K and L are two {mall wires, 
which are to {crew occafionally into either the 
ball E, the knobs ¢ or fi the cap c, or the focket | 
g, on the top of the pillar: the balls may be 
-unfcrewed from thefe wires, which will then 
exhibit a blunt point. M is a wooden table to 
be f€rewed on the glafs pillar occafionally. 

EXPERIMENTS ON CHARGING AND DISCHARGING 

THe Leypen Pia, INTENDED TO ELUCIDATE - 
AND CONFIRM Dr. FRaNKLIN’s THEORY. 


XPERIMENT CxI.—To jhew, that except the 
fitid goes off on one fide, it can receive none on the 
other. Screw a Leyden phial, whofe coating is 
‘tree from points, upon an infulatéd ftand, and’ 
place it fo'that it’s Knob may be in‘ contact with 
the conductor, taking care that no conducting 
_ fubftance is nearthe coating of the jar; turmthe 
cylinder round'a fufficient number of times to’ 
charge the phial, then éxamine it with a dift 
charging rod, and you will find it had received 
no’ chatge; which’ flews clearly, that’ exceptt 
ee eleCtic fluid catrefcape from one fide of the 


jar, 
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jar, it can receive none on the other. If there 
are any points on the coating, or damp ofi the 
ftand, the fluid will be carried off by them, and 
the jar will receive a fmall charge. The air, 
which furrounds the coating, will alfo fome- 
times carry off a {mall quantity of electricity. 
' Experiment cx11.—Place the fame infulated 
phial fo that it’s knob may be about half an 
inch from the conductor, and while the cylin- 
der is turning, hold a brafs knob near the coat- 
ing of the jar; this knob will receive a fpark 
from the coating for every one that paffes be- | 
tween the conductor and the knob, and the jar 
will in a little time be charged, by adding elec- 
tricity to one fide, and taking it away from-the 
other. | 
- ExperiMent cxi11.—Screw the phial a, fig. 
42, on the infulated pillar d, and bring it’s knob 
4n contact with the ‘conductor ; hold another 
bottle c of the fame fize with a, fo that it’s 
‘knob may be in contact with the outfide coating 
_ of the bottle a; turn the cylinder, and when the 
bottlea is charged, place ¢ on the table, then 
unfcrew a from it’s ftand, and place it alfo 
on the table, but at fome diftance from the 
other; fit a brafs ball to the bottom ftem of the 
quadrant electrometer, and hold the electrometer 
by a filk ftring, fo that the brafs ball may touch 
: R _ the 
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the knob of the bottle; obferve at what height 
the index of the electrometer ftands, and then 
remove it to the other bottle, which will ralfe 
the index to the fame height ; Lewing clearly, 
that.the bottle bas thrown off from the outfide as 
much eleéiricity as it received on the infide. 

ExpermmMent cxiv.—Bottle charged by the ace 
tion of the tivo powers. Place the knob of an in- 
fulated bottle in contact with a pofitive conduc- 
tor, and connect the outer coating with the 
cufhion, or a negative conductor, turn the cy- 
Hinder, and the bottle will be charged with it’s 
own electricity; the fluid from the exterior 
coating being transferred to the interior one; 
the bottle is charged in this inftance without 
any communication with the earth. 

EXPERIMENT cxv.—Charge the two bottles, 
fig. 43, pofitively ; connect their outfide coat- 
ings by a wire or chain, then bring their knobs 
together, there will be no fpark between them, 
and the bottles will not be difcharged, becaufe 
neither fide has any thing to conamunicate to 
the other. 3 : 

EXPERIMENT CxvI.—Explojion through flame. 
Charge the infulated bottle, fig. 43, negatively, 
and the other pofitively ; connect the coating by 
a chain; and bring the knobs towards each other, © 
an explofion will take place, and the bottles will 

: be 
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be difcharged. If a lighted candle is placed 
“between the knobs, the explofion will be made 
through the flame in a beautiful manner, and at 
fome inches diftance. See fig. 44. 

Experiment cxvit.—Di/charge by ihe contrary 
power. Fix a quadrant electrometer to the ball 
of a Leyden bottle, and charge it negatively ; 
when it has received a full charge, the index 
will ftand at go degrees; then place the bottle 
with it’s electrometer at the pofitive conductor, 
turn. the cylinder, the electrometer will defcend, 
and the bottle will be difcharged . the. con- 
trary electricity. 


‘EXPERIMENT CxvillI.—Infulate two Leyden 3 
bottles; let their coatings be in contact, and _ 


while you charge the infide of one pofitively, 
let a perfon, flanding on the floor, touch the 
top of the other with his finger, and it will be 
charged negatively. | 
EXPERIMENT Cx1x.—LM, fig. 45, reprefents 
a Leyden jar, which is furnithed with moveable 
coatings of tin; the inner one, N, may be re. 
moved by the filk ftrings f, g, h; the jar may 
be taken from it’s outer coating. : 
Charge the jar, and then remove the coatings, 
bring a pair of pith balls towards the jar, and 
they will be ftrongly attracted by ity: replace the 
SAUER, and the jar will give a confiderable 
R 2 fhock ; 


A Cephe ie “3 
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fhock ; which fhews, that the power or force of 
‘the charge is refident in the glial, and net in the 
coatings. : ; 

’ ExpERIMENT €xx.— Spotted bottle. TV, fig. 
46, reprefents a bottle, whofe exterior coating 
‘is formed of fmall pieces of tin-foil, placed at a 
slittle diftance from each other. Charge this 
bottle in'the ufual manner, and {trong {parks of 
‘electricity will pafs from one fpot of tin-foil to 
the,other, in a variety of dire€tions; the fepa- 
ration of the tin-foil making the paffage of the 
fluid from the outfide to the table vifible. Dife 
charge this bottle, by bringing a pointed wire 

gradually near the knob, and the uncoated part — 
of the glafs between the {pots will be-pleafingly 
Hluminated, and the noife will reféemble that of 
fmall fired crackers. If the jar is difcharged 
fuddenly, the whole outfide furfacé appears il~ 
-luminated. To produce thefe appearances, the 
_ glafs muft be very dry. ) 

_ExpERIMENT CXXxI.—String a parcel of fhot 
on a filk ftring, leaving a fmall {pace between 
each of them; fufpend this from the conduc- 
tor, fo that it may reach the bottom of a coated 
phial, which is placed on an infulated ftand ; 
connect another {tring of fhot to the bottom of 
the jar, and let it communicate with the table, 
turn the machine, and a vivid {park will be feen 


between — 
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between each of the thot, both within and with-- 
out the bottle, as if the fire fee ree the : 
elafs. 

EXPERIMENT ecules a hial in the 
hand which. has no coating on the outiide, and 
Be it’s knob towards an electrified conduc- 

r; the fire, while it is charging, will pafs 
ac the outfide to the hand, in a pleafing man- 
ner; on the difcharge, beautiful ramifications 
will proceed from that knob of the difcharger 
which is on the outfide all over the jar. 

ExpERIMENT cxxIuI.—Let a chain be fuf- 
pended from the conductor and pafs into an 
~ uncoated bottle, fo that it does not touch the 
bottom; put the machine in action, and the 
chain will move round in order, as it were, to 
lay-the fire on the infide of the. jar, and thus 
charge it by degrees. | : 

EXPERIMENT cxxiv.—Double bottle. Fig. 47 
reprefents two Leyden phials, placed one over | 
the other. Various experiments may be made 
with this double bottle, which are very pleafing, | 
and ehicidate clearly the received theory. — 

Bring the outfide coating of the bottle A in 
contact with the prime conductor, and turn the 
machine. till the bottle is charged ; then place 
_ one ball of the difcharging rod upon the coating 
of B, and with the other touch the knob of the 

NA a 


Cd 
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jar A, which will caufe an explofion, Now 
place one ball of the difcharger on the knob of 
A, and bring the other ball to it’s coating, and 
you have a fecond difcharge. Again, apply 
one ball of the difeharger on the coating of B, 
and carry the other to the coating of A, and it 
will preducé a third explofion. A fourth is 
obtained by applying the difcharger from the — 
coating of A to it’s knob. 

The outer coating of the upper jar communi- 
cating with the infide of the under one, conveys 
the fluid from the conductor -to’ the large jar, 

which is therefore charged pofitively ; the upper 
jar does not charge, becaufe the infide cannot 

part with any of it’s clectric fluid; but when 
a communication is formed from the outfide of : 
A to the infide of B, part of the fire on the infide 
of A will be conveyed to the negative coating of | 
B, and the jar will be difcharged. The fecond 
ex plofion 1 is occafioned by the difcharge of the © 
jar A; but as the outfide of this communicates, 
by conducting fubftances, with the pofitive in- 
fide of the jar B, if the ball of the difcharging 
yod remains a fmall time after the difcharge on 
the kriob of A, part of the fire of the infide of 
A will efcape, and be replaced by an equal 
quantity on the outfide from the jar B, by which 
means A is charged a fecond time; the dif. 
faeae sy Vly Pare ts Svc a eigae 
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charge of this produces the third, and of B the 
fourth explofion. 


The following pleafing Variations of the foregoing 
Experiment were communicated to me by Mr. 


J. Farr, of Ulverfion. 


A the upper bottle, B the under bottle. 
Knob of A applied to the conductor, and the 
charge given. meat 
1ft difcharge. Balls of difcharger from coating 
of A to knob of A. 


2d: ditto. From coating of B to knob of A. 

3d difcharge. From coating of B to coating 
of A. 

4th ditto. From coating of A to knob of A. 


Coating of A applied to the conductor, and the 
charge given. 
1ft difcharge. Balls of difcharger faci coating 
| of knob Bto knob A. 
od ditto. | From coating of Ato knob of A. 


3d ditto. _ From coating of B to knob of A. 
ath ditto. From coating of B to coating 
of A. | 


sth ditto, © From coating of A toknob of A. 
Coating of A applied to the conduétor, and the 
charge given, touch the knob of A with one’ 
ball of the difcharger, the other ball com-: 
R4 | municating 
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municating with the earth, then proceed as fol- 

lows. | 

aft difcharge, Balls of difcharger from coating 

. of A to knob of A. 

2d ditto... From coating of B to knob of A, 

3d ditto. From coating of Ato knobof A. 

4th difcharge. From coating of B to knob of A, 
Go on thus alternately, and fifteen, fixteen, or 

more difcharges may be produced. 


THE CONTRARY STATE OF THE TWo OPPOSITE 
Sipis or A cHarRGED Leypsen Bortte, 
SHEWN BY THEIR RESPECTIVE ATTRACTIVE 
AND REPULSIVE Powers, i: 
EXPERIMTNT exxv.—Screw the bottle H, 

fig. 49, with the belt fideways, on the infulat- 

ing ftand, as in fig. 48, and charge it pofitively, 
‘then couch the knob with a pair of pith balls, 

thefe will diverge with pofitive electricity ; hold 
another pair to the coating, and they will nea 
rate with negative Rene: 

. Experiment cxxvi,—Eledtrify two, pair BH 

the pith balls which are fixed to the brafs tubes, 

‘ as’ in, fig, 22, plate IL. by the knob of a pofi- 

- tively charged bottle, and place them at a {mall 

diftance from each other, then pufh them toge- 

ther till the ends of the tubes are in contact, and 
ea, the 
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_ the balls will remain in the fame ftate they were 
in before..they were brought together, becaufe 
their electricity is of the fame kind. The re- 
 fult is the farae if both pair are electrified by 
the coating; but if one pair is electrified by 
the coating_and the other by the knob, when 
they are brought in contact, a immediately 
clofe. , 
EXPERIMENT CXXVII. LA com ball, or az 
artificial. fpider made of burnt cork with legs 
of linen thread, fufpended by filk, will play be- 
tween the knobs of two bottles, one of which is » 
charged pofitively, the other negatively, and 
will in a little time difcharge them. 
EXPERIMENT €XXVvIII.—A ball fufpended on 
filk, and-placed. between two brafs balls, one 
‘proceeding from the outfide, the other from the 
infide of. a Leyden jar, when the. bottle is 
charged, will.fly from one knob to the other, 
and by thus conveying the fire from the infide 
to the outfide of the bottle, will foon dif- 
charge i it. | 
ExprriMENT  cxxIx.—An' infulated cork 
ball, after having received a fpark, will not 


play between, but be equally repelled by two 


bottles which are Bbater? with the fame 


power. 


EXPERIMENT ¢XXX.—AL fig. 58 a wire is 
fixed 
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fixed to the under part of the infulated coated 
phial, bc another wire fittéd to, and at right 
angles with the former, a brafs fly is placed on 
the point of this wire; charge the bortle, and 
all the time the bottle is charging, the fly will 
turn, round ; when the bottle is charged the 
needle {tops. Touch rhe top of the bottle with 
a finger, or any other conducting fubftance, 
and the fly will turn again till the bottle is dif- 
charged. ‘The fly will electrify a pair of balls 
pofitively while the bottle is charging, and ne~ — 
gatively when difcharging. 

Experiment cxxx1.—Place a clean, dry, and 
excited pane of glafs, about one foot fquare, on 
an infulated box with pith balls, it will caufe 
the balls to diverge with pofitive electricity, and 
they will continue to repel each other upwards 
of four hours in dry air. . When the balls come . 
together, remove the glafs, and they will open 
with negative electricity ; replace the glafs, and 
they will clofe; remove it, and they will open 
again; and thus alternately as long as any elec- 
tricity remains in the ¢lafs. 

“If the pane of glafs be placed in a frame of 
~ wood, and a light pith or cork ball be laid on it’s 
furface, on prefenting towards it the end of a 
finger, or the point of a pin, the ball will recede 
from them with a very brifk motion, and may 

thus 
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thus be driven about on the furface of the glafs, 
like a feather in the air by an excited tube. The 
ball being deprived of it’s electricity by the pin, 
it inftanily flies to that part of the glafs ee 
“attracts it moft forcibly. 
To excite the pane of glafs; lay it upon a 
quire of large paper, well dried, and then rub 
it with a piece of clean dry flannel. 


THE CONTRARY STATES OF THE DIFFERENT SIDES 
or A Leypren PutaL, aND THE DIRECTION 
or THE Execrric FLuip tn THE CHARGE AND 
DiscHARGE THEREOF, INVESTIGATED BY THE — 


APPEARANCE OF THE ELeEcTRIc Licur. 


We have already obferved, that the different 
appearances of light on electrified points was 
“deemed a criterion of the direction of the elec- 
tric fluid; that the luminous ftar fhews a point 
in receiving the electric matter, whilft the lu- 
minous brufh, or cone, indicates that it is pro= 
ceeding from a point. 

We fhall now examine the ftate of the ieiin 
fides of the Leyden bottle by thefe appearances. 

EXPERIMENT CXxx11.—Screw the jar I on the 
infulating pillar, and the pointed wire into the 
hole g, place another pointed wire at the end 
of the conductor, bring the knob of the jar near 

this 
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| this wire, and ran turn the cylinder, a pencil 
of rays will diverge from the pointed wire in 
the conductor to the knob of the jar, at the 
fame time another pencil of rays will diverge. 
from the point at the bottom into the air. See. 
fig. 50. ; 
Repeat this experiment with the negative con- 
- ‘@uctor, and a luminous ftar will appear on the 
end of each wire. | 
EXPERIMENT CXxxIII.—Screw a. pointed wire 
mto the knob of the jar, (fee. fig. $1,) charge 
the bottle pofitively, the fire will be received 
from the conductor, by the pointed wire, and 
appear there as a luminous ftar, while the wire 
on the outfide of the jar w ill throw off a diverg- 
Ing cone. ; 
Fig. 52 reprefents the aa appearances 
reverfed, by charging the jar ehbid at the 
pofitive conductor. ry 
This experiment may be further varied, by 
applying the bottle to a negative conductor. * 
EXPERIMENT cxxxiIv.— Affer the jar. is 
charged, as in the foregoing experiments, turn 
that wire from the cylinder which before was 
neareft toit, then put the machine in action, 
and the afflux and efflux will be more apparent 
than before; one point Owe off, and the 
other 
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‘other receiving the fluid with extreme avidity, 
which will in a little time difcharge the j Jar. 
 Expertment cxxxv.— Charge the jar as 
‘before, then touch the wire which is connected 
with the negative fide, and the oppofite wire 
will throw off a diverging cone; but if the 
‘pofitive fide is touched, a luminous cone only 
will be feen on the other wire. 

ExperIMENT cexxxvi.—Fig. $3 is an electric 
jar, B B the tin-foil coating, C a ftand which 
fupports the jar, D a focket of metal which 
carries the elafs rod E.; a curved metallic wire, 
pointed at each end, is fixed to the end of the 
rod G, which rod is moveable at pleafure. in a 
{pring tube N; that tube being fixed by a focket 
upon the top of the glafs rod E, the charging 
wire communicates with the different divifions 
of the infide ioe of the jar by horizontal 
wires. 

Place the jar as ufual, ‘and put the machine 
in action, a fmall luminous {park will appear 
upon the upper point of the wire F, (a plain in- 
‘dication that the point is then receiving electri~ 
city from the upper ring of the coating on the 
‘outfide of the jar,).a fine ftream or pencil of rays 
will at the fame time fly off, beautifully diverg- 
ing from the lower point of the wire F upon the 
‘bottom ring of the coating on the jar; when - 

thefe 
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thefe appearances ceafe, which they will as foon 
as the jar is charged, let a pointed wire be pre- 
fented towards the prime conductor, this will 
foon difcharge the jar filently, during which the 
lower point will be illuminated with a {mall 
fpark, while the upper point of the wire will 
throw off a pencil of rays, diverging towards the — 
upper ring of the coating. | 

EXPERIMENT CXXxvVII.— Take a Leyden phial, 
! the neck of which fhould not be very broad, fet 
the coating on the conductor, and charge it ne- 
gatively; when charged, if not too dry, the 
upper edge of the coating will throw off one or 
more brushes of light into the air, which will 
vifibly incline towards the charging wire of the - 
bottle, and fometimes actually reach it. Pre- 
fent the knob to the prime conduétor, and 
charge the jar pofitively, a {mall fpark of light 
will firft appear on the edge of the cork in the 
neck of the bottle, through which the wire paffes 
after a few turns of the cylinder; this fpark be- 
comes a brufh, darting out from the cork, and 
gradually lengthening till it forms an arch, the 
end of it extending downwards till it reaches 
and touches the end of the coating. If the bottle 
be dry, it will in both cafes be difcharged {pon- 
taneoufly. See fig. 54 and 55. 

EXPERIMENT CXXXVIII.—AN infulated pofi- 

I tively 
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tively charged bottle will give a {park from. it’s 
knob to an excited ftick of wax, while no {park 
will pafs between it and an excited glafs tube. 

Experiment cxxxix.—Au analyjis of tbe Ley- 
den Pera ty means of ibe Leyden vacuum Hh, 
fig. 49.——-Screw this on the infulated ftand, 
with the pointed wire from the bottom. Fig. 
56 reprefents the appearance of the fluid on the 
points when the bottle is charged negatively, at 
a conductor loaded with pofitive electricity. 

Fig. 57, the appearances it difplays when it is 
charging pofitively at the fame conductor. | 

Fig. 59 is the fame bottle charging politively 
wi a negative conductor. Fig. 60, it is charging 
negatively at the fame conductor. 

EXPERIMENT CXL.— Fig. 61 reprefents the 
luminous conductor onthe infulating ftand. Set 
the collecting point near the cylinder, and place 
the knob of an uncharged phial in conta@ with 
the ball, or hang a chain from it to the table, 
and, on working the machine, the ball will be 
enveloped in a denfe clectric atmofphere. If 
the point be brought i in contact with an infulated 


rubber, anda communication is made from the 
ball to the table, the atmofphere will be on the 
point inthe tube. If a bottle, pofitively charged, : 
be prefented, the appearances in the tube will be 
as delineated in fig. 62. Butif a bottle nega- 
tively 
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| tively charged be thus applied, the appearance ; 


will be as in fig. 61. 

This tube, when mounted on it’s ‘infulating 
fland, may be ufed inflead of the prime con= 
ductor, and all the common experiments may 


| be performed with it; the tube will be lumi- 
nous during the whole of the operation. 


Or tHe DIRECTION OF THE ELECTRIC. MATTER 
‘In THE DiscHARGE OF THE LeypDEN PHIAL. 


Experiment cxii.—Place a charged jar on 
a ‘(mall glafs ftand under the receiver of an air- 
pump; as the receiver ‘is exhaufting the elec. 
tric fire will iffue from the wire of the phial, in 


a very luminous pencil of rays, and continue 


flafhing to the coating till the air is exhaufted, 
when the jar will be found to be difcharged. 

If the phial is charged negatively, the current 
of fire will appear to have a different direction 
from that which it had before) | 

From this experiment we may infer the effeéts_ 
of the atmofpheric preffure upon the charge of 
the Leyden phial, and learn that it is the na- 


tural boundary to every charge of electricity we | 


can give; and, confequently, that a phial would 
contain double the charge, in air doubly con- 
denfed, as it does in the common atmofphere, 

fince 
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fince it would inercafe the intenfity of the elec- 
tric atmofphere. 

EXpeRIMENT. CXLII. alae a fmall lighted 
taper between the two balls of the univerfal tm 
charger, then pafs a very {mall charge of a 
fitive phial through them, and the fame of the 
taper will be attracted in the direction of the 
fluid towards the coating. See fig. 63. 

ExpeRIMeN'T CxLit.—Thefame {mall charge 


=~ 


from a negative bottle will reverfe the appear- 
ance, 

In both thefe experiments it 1s neceffary to ufe 
the leaft charge that can be given, juft fulicient 
to leap the interruption in the circuit.’ 

‘ExpertMrnt CxLtv.—Place a card on the ta- 
ble of the univerfal difcharger, and bring one 
of the points under the card, then connect this 
point with the coating of a jar pofitively charged, 
place the other point on the top of the card, and 
at about an inch anda half from the former row 
complete the circuit, by bringing a difcharging 
rod from the laft wire to the top of a bottle, and 
the electricity will pafs through the upper wire, 
along the furface of the card, till it comes to the 
point which is underneath, where it will make 
a hole in the card, and pafs through the wire to 
the coating of the bottle. See fig. 64. 

EXPERIMENT CXLV.—Foyr cork balls, A, B, 


Ss | C, D, 
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C,.D, being placed at equal diftances from eacts 
other, from the balls of the difcharging rod, and. 
from the coating of a pofitively charged bottle ; 
on making the difcharge, the bal A next the. 
rod was repelled to B,.which was: again repelled. 
to C, C remained immovable, bur D flew to 
the coating of the bottle. 

ExperiMENT CxLvi.—Takeacard, and paint 
both fides with cinnabar about the breadth of 
the finger, fix this card vertically by a httle wax. 
on the table of the univerfal difcharger, let the 
pointed end of one of the wires touch one fide 
of the card, and the end of the other wire the 
oppofite fide; the diftance of the points from 
each other muft be proportioned to the {trength. 
_ ef the charge; difcharge a jar through the wires, 
and the black mark, left by the explofion on the’ 
coloured band,. fhews that the electric fluid — 
paffed from the wire, communicating with the 
infide of the bottle, to that which communi- 


cates with the outfide, againft which it sae a. 
hole. | 


Sxciaticinrs WHICH SEEM TO MILITATE 
AGAINST THE RECEIVED Tusory oF ELEc- 
Re ar a 


ExPERIMENT CXLVIT. — Let the furfaces cf — 
‘an ele@rie plate be very flightly charged and 
infylated, 
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infulated, let an interrupted circuit be formed, 
the two powers will be vifible, illaminating the 
points of the interrupted circuits, and each 
power will appear to. extend further from the 
furface contiguous to it, the flronger the charge 
that is communicated to the plate; but if the il- 
luminations on each fide meet, there will imme- 
diately follow an explofion of the whole charge. 
The length of the interrupted circuit ufed for 
this experiment was twelve feet.* 

ExprrIMENT cxLvilt.—lIf a cylindrical plate 
of air, contained in the receiver of an air-pump, 
be charged, it is obferved, ‘the more air that is 
exhaufted from between the furfaces, the more 
eafily the powers will unite. © 

Experiment cxiix.—If an exhautfted receiver 
be made part of the electric circuit, and the 
charge fhould not be fufficient to caufe an explo. 
fion, an electric light will appear to proceed in 
an oppofite direction from the parts communi- 
cating with the negative and pofitive furfaces. 

EXPERIMENT cL.—Let a coated phial be fet 
on an infulating ftand, and let it’s*knob be 
touched by the knob of another phial negatively 
electrified ; a fmall fpark will be feen between 
them, and both fides of the infulated phial wall 
be inflantly negatively electrified.+ 

52 e - Faften 
“ Atwood’s Analyfis of a Courfe of Leftures, p. 121, 
+ Encyclopedia Britannica, Vol. 1V. p, 2698. 


~ 
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Faften a pith ball electrometer by a little wax 
to the outfide coating of a jar, charge. the jas 
flightly with pofitive electricity, and fet it on an 
infulated ftand, the ball will either not diverge, 
or only a very little; bring the knob of a bottle, 
which is ftrongly charged with pofitive electri- 
city, near the knob of the former, and the balls | 
will diverge with pofitive electricity. 

Experiment cii.—Let the fame phial, with 
the pith balls afixed to it’s outfide coating, be 
flightly charged negatively, and then infulated, 
bring the knob of a phial, whichis f{trongly elec- 
trified negatively, to that of the infulated one, 
and the pith balls will diverge with negative 
eleétricity. 

ELXPERIMENT CLiI.—Charge.a jar pofitively, 
_ and then infulate it, charge another ftrongly with 
negative electricity,, bring the knob of the nega- 
tive bottle near that. of the pofitive oné¢,..and a 
thread will play between them; but when the 
knobs touch each other, the threads, after being _ 
attracted, will be repelled by both. The hega~ 
tive electricity is fome how fuperinduced on the 
pofitive, and, for a few minutes after they are 
feparated, both will appear negatively eleétri- 
fied; but if the finger is brought near the knob 
of that bottle on which the negative electricity _ 
was fapesiaees it will inftantly be diffipated, 

a. fmall 
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2 fmall fpark, will ftrike the finger, and. the 
bottle will be pofitively charged as before. 


Some of the pofitions which fupport the 
Franklinian bypothefis, have been already confi- 
dered; we are now ata proper ftage for point- 
ing out thofe deficiencies which have been ob- 
ferved in other parts of it. To fupport this hy- 
pothefis, it is neceffary to maintain, shat gla/s 
and other electric fubfiances, though they contain a 
great deal of eleéric matter, are neverthele/s im 
permeable to it. , . , 

This pofition appears contradictory at the firft 
view; for it is not eafy to conceive, that any fub-. 
{tance can be full of a fluid, and yet impermeable 
by it. Efpecially when a confiderable quantity 
of this fluid is taken from one fide, and added to 
the other; and what is more furprifing, the 
thinner the glafs, and the lefs quantity it is ca- 
pable of containing, the more we are able to put 
nto it, andthe ftronger will be the charge.* 

The following ainong other experiments has 
been adduced as a ftrong argument in favour of 
the impermeability of glafs. Let a coated phial 
be fet upon an infulated ftand, and the knob of 
another coated phial be brought near it; for 

1 ae every 


* Encyclopedia Britannica, p. 2687. 
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every fpark difcharsed from the prime conduc- 
tor to the knob of the firft jar, a fpark will pafs 
from the coating of the firft to the knob of the 
fecond: now a common obferver generally ima- 
gines, that the fire runs through the glafs; Dr. 
Franklin concludes it does not, becaufe there is 
found a great accumulation of electricity on the 
infide of the jar, which manifefis itfelf when 
the infide and outfide are made'to communicate 
with each other. But we cannot from this and 
fmilar experiments.conclude that glafs is im- 
permeable, except we fuppofe the ele@ric mat- 
ter to be accumulated on one fide of the glafs, 
and deficient on the other; but this has never 
yet been proved: it has indeed been faid, that if 
slafs was permeable to this fluid, it could never 
be charged; but this refts wholly on the fuppo- 
fition, that there is an accumulation of the fluid | 
in bodies pofitively electrified, anda deficiency 
in thofe which are nega itively fo;* | 
Mr. Wilfon, to prove the Heifarcbitty of 
glafs, tock a very large pane of glafs a little 
warmed, and holding it upright by one edge, 
while the oppofite edge refied upon wax, he 
rubbed the middle part of the furface with his 
finger, and found both fides electrified plus ; he 
accounted for this from the electric Auid paffing 
bay } through 

* Ibid. p. 2687, 
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threugh the glafs. from his finger. But Dr. 
Prieftiey fays, this appearance ought to take place 
on Dr. Fianklin’s principles; for the fire given 
to the glafs by the finger on one fide, repels an 
equal quantity from the other, which ftands as 
an atmofphere, fo that both fides appear.pofi- 
tively electrified. Mr. Wilfon tried alfo another 
experiment, which feems more decifive than the 
former. - Having by him a pane of glafs, one 
fide of which was rough, and the other fmooth, 
he rubbed it on one fide; upon doing this, both 
fides were electrified minus. Dr. Prieftley at- 
tempts to reconcile this te-Dr. Franklin’s hypo- 
“thefis, as the electric fluid, contained in the glafs, | 
fays he, was kept equal on both fides by the 
common repulfion. If the quantity on one fide 
is diminifhed, the fluid on the other fide being 
defs repelled retires sxward, and leaves that fur- 
. face minus. But furely thofe words militate 
ftrongly againft the fyftem he means to eftablifh. 
The quantity of fluid in one fide being diminifh- 
ed, that on the other, he fays, retives inward. 
But into what does it retire? If into the fub- 
ftance of the glafs, then is the glafs permeable 
by it, which is the very thing Dr. P. argues 

again{t.* 
| Py ae Dr, 


~ 


* Ibid, p. 2688, 
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Dr. Grey on THE FRANKLINIAN EXPLANATION 
ae ‘OF Tue Leypen PuIAt. 


Dr. Franklin, in various parts of the firft 
volume of his experiments and obfervations, 
afferts, that the natural quantity of electric fluid: 
in ‘glafs cannot be increafed or decreafed; and 
that it is impoflible to add any to one furface of 
a plate or jar, unicls an equal quantiry be, at 
the fame time, given out from the other furface, 
This error has been adopted by fuceceding elec- 
tricians ; among others, by the late Mr. Henley, 
who in one of his laft papers, printed in the Phi- 
lofophical Tranfaions for the year1777, has the 
following words : * According to Dr. Franklin’s 
theory, the fame quantity of the electric matter 
which is thrown upon one of the furfaces of 
glafs, in the operation of charging it, is at the 
fame time repelled ar driven out from the other 
furface ; and thus one of the furfaces becomes 
charged plus, the other minus; and that this is 
really the.cafe, is, Athink, fatisfactorily proved,” 
&c. 

Beccaria alfo has adopted the fame opinion, 
faying, that a quantity of exceflive fire cannot 
be introduced into one furface, but inafmuch as 
an equa! dofe of natural fire can guit the other 


furface. 
Thete 
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Thefe affertions are, I apprehend, directly : 
contrary to what really happens; inftead of 
which, I believe, we may fafely affert, that glafs, 
and every other known fubitance, may have it’s 
natural quantity of electric fluid either increafed 
or diminifhed to a certain limited degree ; 
which degree bears no proportion to the quan- 
tity of matter contained in a body, but is 
(ceteris paritus) in proportion to the extent of 
it’s furface. | ; | 

This law, which is perhaps without excep- 
tion, may be confidered as one of the funda- 
mental laws of electricity, and one upon which 
many of it’s principal phenomena depend. At 
prefent, I fhall only confider it fo far, at it is the 
caufe of what is commonly called the charge of 
a coated jar: fuppofe fuch a jar infulated, and 
connected by it’s knob to the prime conduétor 
of an eleétrical machine; if then the machine | 
be put in action, .a certain quantity of electric 
fluid (agreeable to the above-mentioned law) is 
added to the natural quantity belonging to the 
inner furface of the jar. After which, if the 
finger, or any other conducting fubftance, be 
prefented to the outer coating of the jar, a 
quantity of electric fluid, nearly equal to that 
thrown in, comes from it. -But this departure 
of electric fluid from the outfide of the jar, 
cannot 
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annot be (as Dr. Franklin fuppofes it) the 
eaufe which permits the addition of fluid to the 
infide, but is merely the confequence of the 
_a¢tion of that fuperfluous quantity which was 
thrown in; and the operator may, if he pleafes, 
inftead of taking the electric fluid from the out- 
fide of the jar, take out.again (by touching the 
knob) nearly the whole of what he had thrown in, 
which he could not do if an equal quantity had 
already gone from the outfide of the jar. When 
the quantity already fpoken of has been taken ~ 
from the outfide of the jar, (the equilibrium 
being nearly reftored) another quantity like 
the firft may again be added to the inner fur- 
face ; after which a fimilar quantity may again 
be taken from the outfide: thus, by the fuc- 
ceffion of a fufficient number of the quantitics 
allowed by the before-mentioned law, the jar 
may at length be completely charged. 

There are other ways of charging coated glafs; 
but if it be allowed, that the charge, in the fore- 
going inftance, is produced in the manner | 
have fuppofed, it will not, I think, be difputed, 
. that all other charges are produced by a fimilar 
alternation of fmall quantities ; this, however, 
will appear more clear from the following ob- 
fervations on the manner in which the dif- 
charge is produced. . par 
: | ‘Wher 
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When the aftonifhing velocity, with which 
the charge ofa jar or battery moves through a 
confiderable fpace, is confidered, it may at firft 
appear impoffible, that the difcharge fhould be 
made by the alternate giving and receiving fuch 
{mall quantities as thofe by which the charge 
was produced: yet a more ample confideration 
- of the matter will, I think, fhew that it cannot 
poflibly be brought about any other way. 

I prefume it will be granted, that the charge 
of a jar (in difcharging) either leaves it all at 
once, or goes out by the fame fmall quantities 
by which it went in. To fuppofe any inter- 
mediate manner, would neither leffen the dif- 
ficulty, nor would it be confonant to any of the 
known laws of electricity. 

If then the whole charge eee the jar all at 
once, there muft be.a point of time at wkich the 
jar will be without any electric fluid, either on 
one fide or the other ; nay more, fuppofe a large 
jar or battery to be difcharged by means of a few 
inches of thin wire, there will then be a point 
of time at which the whole quantity of electric 
fluid, which conftituted the charge, muft be 
contained in a piece of wire, weighing only a 
few grains. 

Now, if it be confidered, that time (like 
matter) is infinitely divifible, may we not rather 

fuppofe, 
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fuppofe, that the difcharge of a jar is nothing 
more than an inconceivable rapid fucceffion of 
_ fuch fmall quantities as may be fent off, without 
caufing fuch a deftruction of the equilibrium as 
the laws of electricity feem not to admit.* To 
this we may add from other experiments, that 
ene fide ofa charged electric may contain more 
of one power than is fufficient to ballance the con. - 
trary power on the other fide. For, if a charged 
jar is infulated, and the difcharge is made by a 
difcharger with a glafs handle, after the explo- 
fion, the difcharger, and both fides of the jar, 
will poffefs a contrary power to that obtained 
on the fide of the jar, which was touched the 
laft before the difcharge. 


* Dr, Grey's paper, Philof. Tranf. part 1ff, 1788, 


CHAP. 
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Or THE ExvecrricaL Batrery, AND THE 
LATERAL EXPLOSION OF CHARGED Jars. 


FTO increafe the force of the electric explo. 


. fion, feveral Leyden phials are conne@ed 
together in a box; this collection is termed an 
electrical battery. Fig. 65 reprefents one of the 

moft approved form. bg 

_ The bottom of the box is covered with tin- 
foil, to connect the exterior coatings; the in- 
fide coatings of the jars are connected by the 


wires b, c, d, e, f, g, which meet in the large 


ball A; Cis a hook at the bottom of the box, 
by which any fubftance may be connected with 
the outfide coating of the jars; a ball B pro- 
‘ceeds from the infide, by which the circuit may 
be conveniently completed. The following: 
precautions are neceffary to be attended to by 
‘thofe who make ufe of an electrical battery. 

To keep the top and uncoated part of the jars 
dry and free from duft, and after the explofion 
to conne& a wire from the hook to the ball, 
which fhould be left there till the battery is to 


be charged again, which will totally obviate the. 


incen- 


~ 
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inconveniences that have occafionally happened 
from the refiduum of a charge. 

If one jar in a battery is broke, it is impotf- 
ble tocharge the reff till the broken jar is reo 
| moved.* 

To prevent the jars of a large battery breaking 
at the time of the explofion, it has been recom- 
mended not to difcharge a battery through a 
good conductor, except the circuit is at leaft 
five feet long; but what is gained on one hand 
by this method, is loft on the other, for, by 
lengthening the circuit, the force of the fhock is 
weakened proportionably. 

I have been informed, that it is very difficult 
to break by an explofion the jars which are made 
of green glafs, fabricated at Newcaftle, but have 
had no opportunity to make ay experiments on 
this glafs myfelf. 

The force of a battery may be confiderably 
increafed by concentrating the fpark from the 
explofion, which is effected by caufing it to pafs 
through fmall circuits of non-conducting fub- 
flances. By this means the refifting medium, 
through which the fpark is to pafs, may be fo. 

prepared 


* A cracked jar may be made to receive a charge, by 
taking away the eXternal and internal coatings which were 
over.the crack, fo as to leave a {pace of about one fourth 
of an inch between the crack and remaining tin-forl. 
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prepared as to augment it’s power. If the {park 
is-made to pafs through a hole in a plate of glafs, 
ene twelfth or one fixth part of an inch in dia- 
meter, it will be lefs diflipated, more compact 
and powerful. If the part round the hole is 
- wetted with a little water, the fpark, by con- 
verting this into vapour, may be conveyed to a 
greater diftance, with an increafe of rapidity, 
attended with a louder noife than common. 

Mr. Morgan, by attending to thefe and fome 
other circumftances, has melted wires, &c. with 
{mall bottles. 7 

-EEXPERIMENT CLIU.—To make wire red hot. 
Pafs the charge of a ftrong battery through two 
or three inches of {mall wire, it will fometimes 
appear red hot, firft at the pefitive fide, and 
the rednefs will proceed regularly towards the 
other end. 

EXPERIMENT CLIV.—To perforate paper. Dif 
charge a battery through a quire of paper, 2 
perforation will be made through it ; each of 
the leaves is protruded by the ftroke from the - 
middle towards the outward leaves, as if the 
fire darted both ways from the center, If the 
paper is very dry, the fire meets with more 
difficulty in it’s paffage, and the hole is fmalk. 
If that part of the paper, through which the - 
explofion is made, is wet, the hole is larger, 
the light.more vivid, and the explofion louder. 

 ‘Exps- 


- 


Re 
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» EXPERIMENT CLV. cath: 0 give the magnelic power. - 
The difcharge of a battery through a {mall ftee} 
needle will, if the charge is futhcient, com- 
municate magnetifm to the needle. 

EXPERIMENT CLVI.——To invert the magnetic 
poles. The difcharge of a battery through a 
fmall and flender magnetic needle, will gene- 
rally deftroy the polarity of the needle, and fome- 
times invert the poles thereof. ‘To fucceed in 
this experiment, it is often neceflary to pafs 
feveral ftrong charges through the needle, bes 
fore it is removed from the circuit. 

It appears, from Beccaria’s experiments, that 
the magnetic polarity, which is communicated 
to the needle by electricity, depends on the po- 
- fition of the needle when the charge is fent 
through it, and is not regulated by the di- 
rection of the electric matter in entering the 

needle. | | 

~ Experiment civii.—A/qwood on elediric per- 
foration. Leta quire of paper be fufpended by 
a line in the manner of a pendulum from any 
convenient altitude, fo that it’s plane may be 
vertical. Let the largeft charge from a battery 
be caufed to pafs through ir, while quiefcent in 
an horizontal dy lebiion perpendicular to the 
plane, the rods of communication not. touching 
the paper; the phenomena are,’ firft, the 

aperture 
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aperture heretofore mentioned, the leaves 
being protruded both ways from the middle : 
- fecond, not the fmalleft motion is communicated 
to the paper from the force of the difcharge. 

A quire of the thickeft and ftrongeft paper 
was made ufe of for this experiment, the height 
from which it was fufpended fixteen feet. It is 
an extraordinary appearance on the hypothefis 
of a fingle electric fluid, that a force fufficient 
to penetrate a folid fubftance of great tenacity 
and cohefive force, fhould not communicate the 
{malleft motion to the paper, when a breath of 
air would caufe fome fenfible vibration in it. 
But this difficulty is not unanfwerable: for a 
velocity may be afligned, with which a body 
impinges again{t and paffes through a pendu- 
lum of any given weight and refifting force, fo 
that a {maller angular velocity fhall be com- 
municated to it, than any that hall be propofed, 
and we know no limit to the velocity of the elec- 
tric power or powers. But the other phzno- 
menon, i. e. the oppofite direction in which the 
leaves are protruded, tends very much to 
ftrengthen the opinion of two oppofite currents. 
Perhaps either of thofe phenomena, confidered 
fimply, may admit of an eafy folution from the 
hypothefis ofa nage power; when they are taken 

i both 
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both together, zt /eems more difficult. to reconcie 
this hypothefis with matter of fact.* , 

ExpmRIMENT CLVII1.—To0 melt a wire. Dif- 
charge a battery through a {lender piece of wire, 
ex. or. one soth of an inch in diameter, the wire _ 
will be broken to pieces, or melted, fo as to fall 
on the table in glowing balls. 

When a wire is melted in this manner, the 
fparks fly frequently toa confiderable diftance,. 

‘being fcattered by the explofion in all directions. 

If the forcé of the battery is very great, the 
wire will be entirely difperfed by the force of 
the explofion. Small particles of fuch fubftances 
as cannot be eafily drawn into wire, as platina, 
grain gold, ores, &c. may be placed in a groove 
of wax, and then put into the circuit ; ifa dif- 
charge of fufficient ftrength is dip through 
them, they will be melted. 

The force, by which wires are melted bya 
battery, varies with the length of the circuit, as 
the fluid meets with more refiftance in propor. 
tion as the paflage through which it is to pafs 
is longer. Dr. Prieftley could melt nine inches 
of {mall iron wire at the diftance of fifteen feet, 
but at twenty feet diftance he could only make. 
fix inches of itred hot, fo that metals refift with 

confiderable force the paflage of the electric fluid, 
and 
* Atwood’s Analylis. 
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and therefore in eftimating the conducting pow- 
ers of different fubftances, their length mutt be 
particularly attended to. | 

ExperiMENT cLix.—Inclofe a very flender 
wire ina glafs tube, difcharge a battery through 
this wire, and it will be thrown into globules of 
different fizes, which may be collected from 
the inner furface of the. tube: they are often 
found to be hollow; and little more than the 
{coria of the metal. 

Many experiments have been made, in des 

to try the different conducting powers of metals, 
by pafling the difcharge of a battery through 
them ; but it has not yet been determined, whe- 
ther the greater facility with which fome metals 
are exploded depends on the eafe with which 
the fluid paffes through them, or whether it 
proceeds from the degree of refiftance they make 
to it’s paflage, or from a want of ductility i in 
the metal, which is therefore lefs capable of ex- 
panfion. — 
- Experiment ex1x.—-Difcharge a bower 
through a chain which is laid on paper, and 
black marks will be left on the paper in thofe 
places where the rings of the chain touch each 
other ; the rings will. be more or lefs melted at 
thofe places: 

EXPERIMENT CLXI.—To fain glafs. Take twa 

WHE pices 
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pieces of window glafs, of about 3 by 2 inches g 
place a flip of brafs or gold leaf between them, 
leaving the metallic leaf out beyond the glafs at 
each end ; then place the two pieces of glafs in 
the prefs of the univerfal difcharger, bring the 
points of the wires ET, EF, fig. 3, to touch 
the*ends of the leaves, and pafs a difcharge 
through them, which will force part of the metal 
into'the glafs, and ftain with a colour which dif- 
fers from the metal that is made ufe of. The 
metallic leaf fhould be made narroweft in the 
middle, becaufe the force of the electric fire is: 
in proportion to it’s denfity, which is increafed 
when the fame quantity of fire 1s compelled to: | 
pafs through fewer conducting particles. 

‘The explofion in melting the ftripes of leaf. 
gold, 8c. renders them non-conducting, and lefs. 
. ¢apable after each difcharge to tranfmit another. 
Some particles of the metal are driven into the 
glafs, which is really melted ; thofe parts of the 
metal, which lie contiguous to the glafs, are the 
- moft perfectly fufed. The pieces of glafs which 
cover the flip of metal are generally broken to. 
pieces by the difcharger. ; 

EXPERIMENT CLXII.—To break thick pieces of — 
glafs. Place a thick piece of glafs on the ivory 
plate of the univerfal difcharger, fig. 3, pl. I. 
and a thick piece of i ate on the glafs, on which 

a weight 
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a weight from one to feven pounds is to be 
placed ; bring the points of the wires EFET 
again{t the edge of the glafs, and pafs the dif- 
charge through the wires, by connecting one of 
the wires, as EF, with the hook C of the bar- 
tery, fig. 65, pl. IV. and forming a commu- 
nication, when.the battery is charged, from the 
other wire ET to the ball, and the glafs will be 
_ broken and fome part of it fhivered to an im- 

palpable powder. When the piece of glafs is 
{trong enough to refift the fhock, the glafs is 

often matked by the explofion with the moft 
—dively and beautiful colours. I have been ins 
formed by Mr. Morgan, that if the glafs is ce- 
anented down, the effect is the fame as. when it 
is preffed by the weights; and this mode is in 
various ‘experiments more convenient. 

Place a piece of very dry white wood be. 
tween the balls of the univerfal difcharger, the 
fibres of the wood to be in the fame direction 
with the wires, pafs the fhock through them, — 
and the woods will be torn to pieces; or run the 
points into the wood, and then pafs the fheck 
through them. : | 

EXPERIMENT ¢€LxIN.—To raife weights. If 
the difcharge is paffed under the piece of ivory 
with the weights upon it, without any glafs be- 
&ween the piece of ivory and the table GH of 
| a3 “ithe 


. Wey: ; sii 
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the univerfal difcharger, the weights will be 
lifted up by the lateral force of the difcharge; 
the number of weights muft be proportioned to 
the force of the explofion. 

EXPERIMENT CLXxIv.—Lafleral explofion. Fig. © 
96, a reprefents an infulated rod, nearly touch- 
ing a charged jar; b is another infulated rod, 
placed in a line with and near to the former; 
make the difcharge by the rod e, from which a 
chain hangs that does not touch the bottom of . 
the jar, and the rod b will receive an electrie 
fpark, which quits it again almoft in the fame 
inftant, becaufe the fineft threads hung upon it 
will not be electrified by the (park. 

This electrical appearance, without the cir- 
cuit of a difcharging jar, is called the Jaferal 
explofion. 

If pieces of cork, or any light vodka be 
placed near the explofion of a jar or battery, 
they will be moved out of their place in all di- 
rections from the center of the explofion; and 
the greater the force of the explofion, fo much 
greater will the diftance be to which they are 
removed, It is not furprifing, therefore, that 
heavy bodies fhould be removed to confiderable 
diftances by a ftrong flath of lightning. Dr. 
Prieftley apprehends, that this fpecies of lateral 
force is produced by the explofion of the air 

: from 
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rom the place through which the eee dif. 
«harge paffes. 

This lateral force is net only ‘extrted in the 
neighbourhoed of an explofien, when it is made 
‘between pieces of metal in the open air, but alfo 
when it is tranfmitted through pieces of wire 
that are not thick enough to conduct it perfectly. 
The fmaller the wire is, and the greater the 
fufion, the greater is the rasieaues of light bedies 
Near it. 

EXPERIMENT CLXV.—Courfe of lateral explofion. 
¥f circuits, different in length and of different 
{ub{tances, form a communication between two 
charged furfaces of an electric plate, it is ob- 
ferved, the difcharge will be made through the 
beft conductors, Wreeve be the length of the 
others. : 

2. If circuits of the fame fubftance be differ- 
erent in length, the difcharge will be made 
through the fhorteft of them. petit: 

3. If the circuits be the fame in every ref 
pect, the difcharge will be made through many, 
of them at the fame time.* 

If one circuit confifts of undried wood, and is 
of confidérable length in comparifon of another 
which confifts of metal, the-difcharge will be 
gmade wholly through the latter, unlefs the charge 

T4 thould 


* Atwood’s Analyfis, p. 119, 120, 
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fhould be very great, in which cafe fome {mal} 


part will pafs through the wood. 


Ifa fhort metallic red and any part of the hu- 
man body form two circuits between the fame 
charged furfaces, the difcharge will, in general, 
be made wholly through the metallic rod; but 
if the charge is very great, or if the rod is very 
flender, or if it fhould be very long, in either of 
thefe cafes the difcharge may be perceived to 
pafs through that part of the body which forms 
one of the circuits, 

_. This will be the cafe when the charge is fmall, 
bik it may be fo increafed as to pafs through 
both the longer and fhorter circuits. 

I have been informed by a gentleman, that 
it was his cuftom to make a variety of circuits 


for the difcharge of a large jar or battery; and, 
that having a fufficient number of thefe, he 


could introduce himfclf into one of them, and 
take his part of the fhock without inconvenience, 
it even was not difagreeable; and he could by 
this means leffen the fenfation almoft to no- 
thing. ' 7 
ExpsRIMENT cLixvi.—Mr. Henley made a 


- 


_ double circuit, the firft by an iron bar, one inch - 


and a half in diameter, and half an inch thick; 
the fecond, by four feet and a half of fall 
chain. On difcharging a jar, containing five 

hundred 


4 
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hundred fquare inches of coated furface, the 
electricity paffed in both circuits, fparks being 
vifible on the fmall chain in many places. On 
making the difcharge of three jars, containing 
‘together fixteen fquare feet of coated futface, 
through three different chains at the fame 
time, bright. {parks ‘were vifible in them all. 
The chains were of iron and brafs, of very dif. 
ferent lengths ; the fhorteft ten or twelve inches, 
the longeft many: feet in length. When thofe 
jars were difcharged through the iron bar be. 
fore-mentioned, together with a {mall chain, 
three-quarters of a yard in length, the whole 
chain was illumined, and covered throughout 
with beautiful rays, like briftles, or golden hair. 
Having placed a large jar in contact with the 
prime conductor, he affixed to. the coating of 
it an iron chain, which was alfo connected with . 
a. plate of metal, on which was made the dif. 

’ charge by the difcharging rod: this: done he 
hooked another chain, much longer, and of brafs, 
to the oppofite fide of the jar, and brought the 
end of it within eight inches and an half of the 
metal plate. In contact with this. end a {mall 
oak ftick was laid, eight inches long, which was 
covered with faw-duft of fire-wood. On mak- 
ing the difcharge upon: the plate, both. the 
chains were luminous through their whole — 


_ lengths, 
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- lengths, as was alfo the faw-duft, which was 
covered by a ftreak of light, making a very 
plants alge opine 


At the glafs-houfe there is generally a great © 
number of folid fticks of giafs, about one quar- 
ter of an inch diameter; if thefe be examined 
narrowly, feveral of them will be found rubu-' 
Jar a confiderable length; the diameter of the 
cavity feldom exceeds the 200th part of an inch. 
Select and break off the tubular part, which 
smay be filled with quickfilver by fucking, care 
being taken that no moifture previoufly infi- 
nuates itfelf; the tube will then be prepared for ( 
the experiment. 

" ExpERIMENT CLXviil.—Di/plofion of mercury. 

‘Pafs the fhock through this {mall thread of 
_ quickfilver, which will be inftantly difploded, — 
and will break or is the tube in a curious 
manner.* | 

ExpERIMENT CLXVIII, —Take a glafs tube, 
the bore of which is about one quarter of an 
inch, fill it with water, and ftop the ends with 
cork, infert two wires through the corks into 
the tube, fo that their ends may nearly touch, 
make the ends of thefe part of a circuit from a 
battery; on the es the water will be 

difperfed 


* Nicholfon’s Iniredation to Philofopby, p. 4136 
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difperfed in every direction, and the tube blown 
to pieces by the difcharge. : 

The electric fluid, like common fire, con- 
yerts the water into an highly elaftic vapour. 
Dr. Franklin, on repeating this experiment with 
ink, could not find the leait {tain upon the white 
paper, on which the tube had been placed. 
Beccaria paffed the fhock through a drop of 
water, which was fupported, in the center of a 
folid glafs ball; between the ends of two iror 
wires, and the ball was fhivered in pieces by the 
explofion. On this principle he contrived what 
he calls an electrical mortar, which will threw a 
{mall leaden ball to the diftance of twenty feet. 
It is clear, from feveral of the foregoing experi-< 
ments, that the electric fluid endeavours to ex~ 
plode, in every direction, the parts of the refift. 
ing fubftances through which it paffes. 

EXPERIMENT. CLXIX. — Elediric earthquake. 
Place a building, which is formed of feveral 
loofe pieces of wood, on a wet board in the 
middle of a large bafon of water, let the electric 
flafh from’a battery be made to pafs over the — 
board, or over the water, or over both; the 
water will be ftrongly agitated, and the building 
thrown down. The report is louder than when 
the explofion paffes only threugh the air. 


SS 


The 
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_ The electric fluid endeavours to pafs near the 
furface of the water where it meets with -more 
refiftance, than if it is forced to pafs through it. 
This partly arifes from the power the electric 
fluid has of raifing an expanfive vapour from the 
. Surface of the water, which drives off the re- 

fifting air. . : 

A. difcharge paffed over the furface of a piece 
of ice will leave on it fmall unequal cavities, ex- 
hibiting the fame appearance as if a hot chain - 
had been placed on it. 

A difcharge fent through a green leaf tears 
the furface in various directions, leaving an 
image in miniature of fome of the effects of 
lightning. A difcharge will pafs to a certain 
diftance over fpirit.of wine, without inflaming 
it; but, if the diftance is increafed, it will fet 
it on fire. From hence it appears, that the 
facility with which the electric fire is tranfmit- 
ted over the furface of moift fubftances, depends — 
om the eafe with which they are turned into 
vapours. 

The difcharge, in melting the partiolis of 
metals, drives into it’s paffage the conducting 
* vapours which arife from them; and in pro- 
portion as the parts of any body are more rea~ 
dily driven into vapour or duft, the {park will 
fun to a greater diftance. 

EXPERI 
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ExpeRIMENT cixx.—Wire lengthened. 1f a 
wire is ftretched by weights, and.a fhock is fent 
through it that will render it red hot, it is found 
to be confiderably lengthened after the dif- 
charge. When the wire is loofe, it is faid to be 
fhortened by the explofion. 

Experiment cixxi.—Ifa long narrow y trough 
of water is made part ef the circuit in the dif 
charge of a battery, and a perfon’s hand be im- 
merged in the water at the time of the explo- 
fion, he will feel an odd vibration in the water, 
very different from an electrical fheck. The 
quick ftroke fromthe repercuffion of the air and 
the vapour, is communicated to the hand by the 
water, and the hand receives a fhock fimilar to 
that received bya fhip at fea during an earth- 
quake. | 

ExpEriMENT CLxx11.—Prif/matic rings. Place 
a plain piece of metal between the points of the 
univerfal difcharger, pafs feveral explofions of 2 _ 
battery through the wires, and the difcharges 
will gradually form on the metal different cir- 
cles, beautifully tinged with the prifmatic co- 
lours. The circles appear fooner, and are clofer 
to each other, the nearer the point is to the fur- 
face of the metal. The number of -rings, er 
circles, depend on the fharpnefs of the point; 
the experiment theréfore fucceeds better if a 

2 | fharp . 
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fharp needle is faftened to one of the points of 
the difcharger. ay | 
Several very ctirious experiments were made 
by Dr. Watfon and others, to afcertain the dif 
tance to which. the electric fhock might be con+ 
veyed, and the velocity with which it moves. 
In his firft experiment, the fhock was given and 
fpirits fired by the electric matter, which had 
been conveyed through the river Thames. In 
the next experiment, the electric fluid was made 
to pafs through a circuit of two miles, croffing 
the New-river twice, going over feveral gravel- 
pits, anda large field. It was afterwards con- 
veyed through a circuit of four miles. It paffed 
over thefe fpaces inftantaneoufly as to fenfe. 
This fenfible inftantaneity in the motion of the 
electric fluid was afcertained by an obferver, 
who, though in the room with the charged phial, 
was, at the fame time, in the middle of a circuit 
of two miles, and felt himfelf fhocked at the fame 
inftant he faw the phial difcharged. | 
Notwithftanding this furprifing velocity, it is 
certain, that both fides of a charged phial may 
be touched fo quickly, even by the beft conduc 
tors, that all the electric matter has not time te 
make the circuit, and the phial will remain but 
half difcharged ; and there are feveral inftances 
where the motion appears flow, and not eatily 
reconcilable 
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reconcilable with this immeafurable velocity ; 
and it is alfocertain, that this fluid is refifted in 
it’s paflage through, or over, every fubftance. 
The wonderful part of the foregoing experi- 
ments will vanifh, if we admit the reafoning of 
Dr. Gray and Mr. Volta on this fubject ; and the 
reader will find this reafoning confiderably 
ftrengthened by experiments of Mr. Atwood 
related in this Effay, though it muft be owned, 
thefe experiments feem to lead much further, 
and give an idea of the direction of the electric 
fluid in the difcharge of the Leyden phial, | 
which differs altogether from the received theory. 
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‘On rue Drrrusion anp SuspIVISIONS oF 
Fivips py Evecrriciry. 


‘X7 E are chiefly indebted to the Abbé Nol- 
¥ let for what is known on the fubjec&t of 
_ this chapter, which was invefligated by him 
‘with incredible induftry and patience. I have 
only fubjomed the principal refult of his experi- 
ments, and muft refer the reader, for a more 
ample account, to the Abbé’s own writings, 
or Dr. Prieftley’s Hiftory of Electricity. 
_ Electricity augments the natural evaporation 
of fluids; fince, excepting mercury and oil, all 
the others which were tried fuffered a diminution 
that could not be afcribed to any other caufe 
than electricity. | 
It increafes the evaporation of thofe fluids 
moft, which naturally tend to evaporate readily. 
Volatile fpirits of fal-ammoniac loft more than 
{pirits of wine, this more than water, &c. 
EleGtricity acts ftrongeft upon the fluids, when 
the veffels which contain them are non-electrics. 
The evaporation was greateft in the moft open 
veffels, but did not’ increafe in proportion to 
their 
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their apertures. It does not ‘make any liquar 
evaporate through the pores either of metal or 
glafs. shes | 
To extend thefe principles further, the Abbé 
made a great variety of experiments on elec- 
trified capillary tubes, and found, that the ftream 
would be fub-divided, but it is ‘not fenfibly 
accelerated, if the tube is not lefs than one tenth 
of an inch diameter in the infide. 

Under this diameter, if the tube is wide 
enough to let the fluid run in a ftream, electri-+ 


' 


city will accelerate it’s motion in a fmall degrees 
If the tube is fo far capillary that the water 
only iffues from it in drops, the electrified jet 
becomes a continued ftream; it will even be 
divided into feveral fmaller ones, and it’s mo-_ 
tion is confiderably accelerated; the {maller the 
diameter of the tube, the greater is the accele~ 
ration. When the furface is wider than one 
tenth of an inch, electricity feems rather to re 
tard the motion of the fluid. : 
From fome very accurate experiments made 
by Mr. de Sauffure with his new hygrometer, 
ft appears that the foregoing theory, which 
afferts that electricity always promotes evapora- 
tion, is only true under certain reftrictions. It 
increafés the evaporation from thofe bodies 
which are fuperfaturated, but does not occafion © 


UTES any 
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any evaporation in thofe which do not contain 
a fuperabounding quantity of water. 
EXPERIMENT CLXxilI. Lleéfrical jet d’eau. 
Fig. 77 reprefents a metal phial, to which a 
capillary tube is adapted, which will only permit 
water to pafs through it in interrupted drops. 
Fill the pail with water, and fufpend it from 
the prime conductor, then turn the cylinder, 
and the water will pafs through the tube in a 
continued ftream; this will feparate into other 
ftreams, that will appear luminous in the dark. 
EXPERIMENT CLXxIv.—Sufpend one pail from 
a pofitive conductor, and another from a nega- 
' tive one, fo that the end of the tubes may be 
about three or four inches from each other, and 
the ftream proceeding from one will be attracted 
by that which iffues from the other, and form 
one ftream, which will be luminous in the dark. 
If the pails are fufpended on two pofitive, or 
two negative conductors, the ftreams will recede 
from each other. ty, 
EXPERIMENT CLXXv.—Ele@rical fiream of wa- 
ter. ‘Place a metal bafon on an infulating ftand, 
and connect it with the prime conductor; then 
pour a {mall ftream of water into the bafon, 
which in the dark will have a beautiful appear- - 
“ance, as the {tream will be divided into a great 
number of lucid drops. 


Ex PERI- 
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ExpErIMENT CLXXxvi.—EleéGfrified /ponge. Dip 
a fponge in water, and then fufpend it from the 
conductor; the water, which before only drop- 
ped from it, will now fall faft, and appear in 
the dark like fiery rain. 
EXPERIMENT CLXXVII.— Contrary effets of elec 
tricity in forming jet @eaus. UWolda pail, which 
is furnifhed with feveral capillary tubes placed 
in various directions, near an electrified con- 
ductor, and the water will ftream out of thofe 
jets near the conductor, while it will only drop 
at intervals from thofe which are oppofite to it. 
EXPERIMENT CLXXVIII.—Conical drop of water. 
The knob of a charged jar will attract a drop of 
water from a faucer, &c. This drop, the mo- 
ment the bottle is removed from the faucer, 
affumes a conical fhape, and if it is brought near 
any conducting fubftance, it is driven forcibly 
away in fmall ftreams, which are luminous in 
the dark. | 
It appears by this experiment, that the elec- 
tric fire not only tends to feparate the particles. 
of water, and to diflipate them into vapour as 
common fire, but that it effects this with un- - 
common rapidity. 
EXPERIMENT CLxxIx.—— Di/charge a battery — 
through a drop of water, previoufly placed on the 
knob of one of it’s bottles; the whole will be 
Ua : inftantly | 
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inftantly exploded into vapour; the fparks will 
be much longer than common, and more com- 
pact. 

Beccaria obferves, that by fending a difcharge 
to a greater or lefs diftance, through one or more 
drops of guickfilver, the difcharge diffufes itfelf 
into drops, and drives them into vapour ; part of 
it rifing into the air in the form of fmoke, the 
other part remains on the glafs. © 

_ ExprerIMEent cLxxx.—d drop of water banging 
from the condenfing ball of an elettrified conduGor, 
will ftretch towards water placed in a cup under 
it, lengthening and fhortening itfelf according 
to the force of the electricity. 

ExPerIMENT CLXXXxI.— Zig-zag /park from a 
drop of water. Place a drop of water on the 
prime conductor, turn the machine, and long 
zig zag fparks may be taken from it; the drop 
will take a conical figure ; the body that receives 
the fpark will be wetted, and the fpark will be 
eonfiderably longer than can be obtained from 
the conducter without the water.* — 

-EXpERIMENT cixxxut.— Threads [pun from 
wax. Stick a piece of fealing-wax on the con- 
ductor, in fuch a manner that it may be eafily 
fet on fire by a taper; while it is flaming turn 
the cylinder, the wax will become pointed and 

i {hoot 
* Nicholfon’s Introduétion to Philofophy, 
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fhoot out an almoft invifible thread into the air, 
to the length of a yard and more. If the fila- 
_ ments that are thrown out by the wax are re- 
ceived on a fheet of paper, the paper will be 
covered by them in a very curious manner, and _ 
the particles of the wax will be fo far fubdivided 
as to refemble fine cotton. To faften the piece 
of wax conveniently to the conductor, ftick it 
firftt on a {mall piece of paper, then twift the 
end of the paper fo as to fit one of the holes 
which are made in the prime condu@tor; when 
it is thus placed, it may be readily fired by a 
taper. 

EXPERIMENT CLXXxIIIl.— Elefrical desis 
Infulate a fountain made by condenfed air, and 
which emits only one ftream ; eleétrify the foun- 
tain, and the ftream will be feparated into a 
great number; thefe will diffufe themfelves 
equally over a large fpace of ground. By laying. 
a finger upon the conductor, and taking it off 
again, the operator may command either the 
fingle ftream or the divided one, at pleafure. 

ExpERIMENT CLXXxxIv.— Elefrify two fmall 
inflated fountains with the different electric 
powers; the ftreams of both will be difperfed 
into very minute particles, which will run to- 
gether at the top, and come dewn ‘in heavy 
drops, like a fhowerofrain. +  — ei 


U 3 | CHAP. 


204 AN ESSAY ON ELECTRICITY. 


. Coben. wai 


Or tHe Exvectric Licut tn’ Vacuo. | 


s 


EXPERIMENT CLXXXV. 


NAKE a tall dry receiver, and infert in the 
‘T top, with cement, a wire with a rounded 
end, then exhauft the receiver, and prefent the 
knob of the wire to the conductor, and every — 
{park will pafs through the vacuum in a broad 
fiream of light, vifible the whole length of the. 


receiver, moving with regularity, unlefs it is 


folicited and bent out of it’s way by fome non- — 


electric, then dividing itfelf into a variety of 
beautiful rivulets, which are continually dividing 
and uniting in a moft pleafing manner. If the 
vefle] is grafped by the hand, at every {parka 
pulfation is felt, like that of an artery, _and the 
fire bends itfelf towards the hand. — ‘This pulfa-_ 
jion is even felt at fome diftance from the re- 
ceiver, and in the dark a. light is feen between 
the hands and the glafs. The ftreams of light 
pals filently through the receiver, becaufe the 
air is removed, by whofe vibration found is pro- 
duced. i! hs : 

| From fome experiments made feveral- years 
Yince by Mr. Wilfon, with an excellent air- 


glide 7 
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pump of Mr. Smeaton, he obferved, that very 
{mall differences of air occafioned very material 
differences in the luminous effects produced by 
the electric fluid ; for when all the air was taken 
out of the receiver, which this pump at that 
time was capable of extracting, no electric light 
was vifible in the dark. Upon letting in a little 
air by a tlop-cock, a faint electric light was vi- 
fible, and by letting in a little more air increafed 
the light, which again decreafed on letting in 
more air; till at laft, on admitting great quan- 
tities, it entirely vanifhed. By this experiment 
it appeared, that a certain limited quantity of 
air was neceffary to occafion the greateft lumi- 
nous effect. | 

EXPERIMENT CLXxxvI.—No repulfive power in 
the particles of eleéivicity. Fig. 82 reprefents an 
exhaufted receiver, ftanding on the plate of an 
air-pump, a4 an electrified wire difcharging a 
ftream 4 ¢ of the electric fluid on the -plate of 
the air-pump. If the.ftratum of air on the out- 
fide of the receiver be leffened by the applica- 
tion of the finger to the receiver, and by this 
means an opportunity be given to the fluid on 
the outfide to efeape, the fluid within will be 
impelled to that part; as at def. 


It has been inferred from this experiment, 
U4 : : that 
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that no repulfive power exifts between the par- 
ticles of the electric fluid; becaufe, if it wasin 
itfelf really elaftic, or endowed with a repulfive 
power of it’s own, It is not probable it could 
pals in an uninterrupted ftream, as at 6c, when 
the refiftance was taken off; it would then 
fpread wider, and difplay it’s elaftic power. ~ 

It is more confiftent, fays Dr, Watfon, to 
fuppofe, that the repulfion of thefe particles, 
which is feen in the open air, is occafioned by 
the refiftance of the air, and not by any natural 
tendency of the cle¢tricity itfelf. , 

By confidering the experiments made. with 
the electric fluid zz vacuo, weattaina clear idea 
of the refiftance the air continually makes to it’s 

paflage, and fee that the divergence of it’s rays 
is not to be attributed to an imaginary repulfion, 
but to the refiftance of the ambient air, for the 
divergence ceafes, and the rays unite, ens this 
refiftance is removed. 

' EXPERIMENT CiXxxvil.—Before ae air was 
exhaufied from the receiver, if the wire at the 
top of it was electrified, a diverging brufh pro- 
eceded from it, about an inch long, but little 
of the fluid paffing off, and even that little re- 
quiring « a ftrong impulfive force to pufh it for, 
ward, On exhaufting the receiver the following 
changes took place: firft, the rays of the brufh 


became 
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became longer; fecondly, the rays diverged 
lefs, were fewer in number, and the fize of the 
remaining rays was increafed ; thirdly, they all 
united at laft, and formed a continued column 
of light, from the wire to the plate of the air- 


pump. 


From this experiment it is clear, that the air 
is the agent by which, with the affiftance of 
other electrics, we are able to communicate 
electricity to electrics, as well as non-electrics ; 
for when this is removed, the fluid pervades the 
vacuum, and flies off to a confiderable diftance. 

EXPsRIMENT CLXXXVIII.—To diftinguifo with 
great accuracy the changes in the form and length of 
the eleiric fpark when it 1s paffing through a re- 
ceiver, the air of which is more or lefs rarified. 
Fix a ball to the rod, let another proceed from 
the plate of the air-purnp; the balls are to be 
placed about one inch from each other. - When 
the vacuum is good, a fingle uniform ray, ofa 
purple colour, paffes from one ball to the other; 
but in. proportion as the air is admitted, the ray 
aequires a quivering motion, which indicates 
that a refiftance to it’s motion then begins, and | 
this interruption is followed by a divifion of the 
ray or flream; the ray now acquires a more 
vivid light ; and, laftly, it becomes the common 

| _{park, 
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fpark, which is emitted with greater or lefs faci- 
lity, in proportion to the power of the machine, 
and the refiftance of the air. 

EXPERIMENT CLXxxIx.—Aurora borealis. Pre- 
fent a thin exhaufted flafk, fimilar to that re- 
prefented at FE, fig. 49, but without any coat- 
ing on the outfide, to the conductor, and the 
bottle will be luminous from end to end, and 
when taken from the conductor, will continue 


luminous, moving in various curvilinear direc 


tions for a confiderable time, flafhing at inter- 
vals in a.manner which very much refembles the 


Aurora Borealis. The light may be revived by. 
paffing the flafk through the hand. The ftroke 


of the fluid againft the glafs is very fenfibly 
heard and felt in this experiment. 


The flexuous motions of the electric fluid in 
an exhaufted receiver may, in fome degree, be 
produced at pleafure. By wetting the outfide 
of the receiver, the fire will follow the direction 
of the wetted line, as the refiftance is now lef- 


- fened on one fide; and the fire can adhere and 


accumulate itfelf on the infide of the receiver, 
-becaufe, by means of the dampnefs, it can i 
a portion from the outfide. 


This experiment may be exhibited very 


pleafingly, by making a Torricellian vacuum 
in 


Ss eS 
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in a glafs tube about three feet long, and then 
fealed hermetically. Hold one end of this tube 
in the hand, and apply the other to the conduc- 
tor, and iminediately the whole tube will be 
illuminated: from end to end, and will continue ~ 
fo for a confiderable time after it is removed, 
from the conductor, flafhing at intervals for 
many hours. , 

EXPERIMENT CXC. ii Reiss jets of hire. 
Screw on a ball, of about an inch diameter, to 
the rod of the plate of the collar of leather of an 
air-pump; place this ona tall receiver; con- 
nect the exterior part of the rod with the con- 
ductor; place fome cylindrical pieces of metal 
on the plate of the pump, then exhauft the re- 
ceiver in part, and electrify the rod at intervals, 
and luminous jets of fire like fulminating me- 
teors will fly from the ball to the cylinders of 
metal. 

ExprerRIMENT cxcit.—Another beautiful ap- 
pearance may be produced in the dark, by in- 
ferting a {mall Leyden phial into the neck of a 
tall receiver, fo that the outward coating may 
be expofed to the vacuum. Exhauft the re- 
ceiver, and then charge the phial, and at every 
{park which paffes from the conductor to the 
infide, a flafh of light is feen to dart from every 
part of the external furface of the jar, fo as to 

fill 


pia | 
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fill the receiver. Upon making the difcharge, 
the light is {een to return in a clofe body. 
_. Expsriment cxctl.—Eleffrified barometer. A 
very perfeét vacuum for the paflage of the elec- 
tric fluid may be made by a double barometer, 
or long bent tube of glafs filled with mercury 
and inverted, each leg ftanding in a bafon of 
mercury; the bent part of the tube above the 
mercury forms a complete vacuum. Ifa bottle 
is difcharged through this fpace, the light ap- 
pears uniform through the whole fpace, but is - 
moft vivid when the difcharges are {trong. Dr. 
Watfon infulated this apparatus, and then made — 
one of the bafons of mercury communicate with 
the conductor, and touched the other with a 
non-electric; the electric fluid pervaded the 
vacuum in a-continued flame, without any diver- 
gence: when one of the baions was connected 
with the infulated cufhion, the fire appeared to 
pervade the vacuum in a different direCtion. 
EXPERIMENT Cxcill.—Fig. 83 reprefents a 
elafs tube, fuch as is generally ufed for barome- 
ters; on the end 4a fteel cap is cemented, from 
which a wire and ball cd proceed into the tube. 
Fill this tube with quickfilver, and then, by 
fending up a large bubble of air, and repeatedly 
inverting the tube, free the quickfilver and iron 
ball from air, according to the ordinary mode of 


| filling 
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filling barometers; then place a {mall drop of 
ether on the quickfilver, and put the finger on 
the end of the glafs tube, and infert the end 
fina bafon of quickfilver, taking care not to 
remove the finger from the end of the tube, till 
the end is immerged half an inch under. the 
filver. When the finger is removed, the quick- 
filver will defcend, and the zther will expand 
itfelf, leffen the vacuum, and deprefs the mer- 
cury in the tube: now prefent the metallic top 
of the tube toa large charged conductor, and 
a beautiful green {park will pafs from the ball 
to the quickfilver. By admitting a fmall quan- 
tity of air into the vacuum, an appearance 
fomething fimilar to a falling ftar is obtained. 
EXPERIMENT ¢XCiv.—Cavallo on eleéfric ap- 
pearances in vacuo.—Place the brafs cap of a well 
exhaufted receiver, at about half an inch from 


the prime conductor, fo that when the machine ~ 


is in action, {parks may pafs from the conduc 
tor to the brafs cap of the receiver. Mr. Ca- 
vallo, in relating the circumftances attending an 
experiment of this kind made by him, obferves, 
that when the receiver was exhaufted, the {park 
pafied from the cap to the plate of the pump 
through the receiver, illuminating it’s whole 
cavity; that the vacuum became.a better con- 
ductor of ele&tricity in proportion as it was more 
aia Ae if perfect, 
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perfeét, and that the electric light was: moré 
equally diffufed, but it was by no means faint 
when the receiver was exhaufted to the utmoft. 
The light changed according as the receiver 


was more or lefs exhaufted. The aa, | 


were as follow. 


Decree or RAREFACTION, APPEARANCES OF THE 
AS SHEWN BY THE GAGE, Evecrric Licut witH- 
IN THE RECEIVER. 


Light in large, long, 


CHE TREO GR GTR: but divided ftreams. 


(Fine diffufed light of 


am |. a white colour. 
80 | f Beautiful diffufed light 
mye | inclining to red or. 
400 | purple, and_ filling 
Ll the whole receiver. 
When the gage thewed {4 diffufed light: filled 


equally the receiver; 
it had hardly any 
L reddifh hue.* 


the utmoft degree< 
of exhauftion, 


See alfo ExpERIMENT I12, 113, 121, 122, of 
this Effay, for further obfervations on the ap- 
pearance of the electri¢ light 7m vacuo. 


© Phil, Tranf. vol. Ixxiii, part 11, p. 451- 
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Experiments on Eleéric Light, by Mr. Witttam 
Mone ans, 


1. There is no fluid or folid body, in it’s paf- 
fage through which the electric fluid may not 
be made luminous ; in water, fpirit, oil, animal 
fluids of all kinds, the difcharge of a Leyden 
phial, of almoft any fize, will appear very fplen- 
did, provided we take care to place them in the 
circuit, fo that the fluid may not pafs through 
too great a quantity of them. The gencral me- 
thod is, to place the fluid, on which the expe- 
riment is to be made, ina tube three quarters of 
an inch in diameter, and four inches long ; {top up 
the orifices of the tube with two corks, through 
which pufh two pointed wires, fo that the points 
may approach within one-eighth of an inch to 
each other; the fluid, in paffing through the 
interval which feparates the wires, “is always lu- 
minous, if a force be ufed fufficiently ftrong ; 
the glafs tube, if not very thick, always breaks — 
when this experiment fucceeds. "To make the 
paflage of the fluid luminous in the acids, they 
muft be placed in capillary tubes, and two wires 
introduced, as in the preceding experiment, 
whofe points fhall be very near each other. It 
is a well-known Fach, that the difcharge of a 

: imall 
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{mall Leyden phial, in paffing over a ftrip of 
gold, filver, or Dutch metal leaf, will appear 
very luminous. By conveying the contents of a 
jar, meafuring two gallons, over a ftrip of gold 
leaf, one-eighth of an inch in diameter, anda 
yard long, it will frequently give the whole a 
dazzling brightnefs. We may give this experi- 
ment a curious diverfity, by laying the gold or | 
filver leaf on a piece of glafs, and then placing 
the glafs in water; for the whole gold leaf will 
appear moft brilliantly luminous in the water, 
by expofing it, thus circumftanced, to the ex- 
plofion of a battery. 

2. The difficulty of making any quantity of 
the electrical fluid luminous in any body, in- 
creafes as the conducting power of that body 
increafes. 

In order to make the contents of a jar lumi- 
nous in boiling water, a much higher charge ~ 
is neceffary, than would be fufficient to make it 
luminous in cold water, which is univerfally 
allowed to be the worft condu€@tor. 

There are various reafons for believing thé 
acids to be very good conductors ; if, therefore, 
into a tube filled with water, and circumftanced 
as has been already defcribed, a few drops of: 
either of the mineral acids are poured, it will 
be almoft impoffible to make the fluid luminous 
in it’s paffage through the tube. . 

| I 
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If a ftring, whofe diameter is one-eighth of 
an inch, and whofe length is fix or eight inches, 
is moiflened with water, the contents of a jar 
will pafs through it luminoufly ; but no fuch 
appearance can be produced by any charge of 
the fame jar, provided the fame ftring be moift- 
ened with one of the mineral acids. To the 
preceding inftance we may add the various. in- 
{tances of metals which will condué the eleCtri- 
cal fluid, without any appearance of light, in 
circumftances the fame with thofe in which the 
fame force would have appeared luminous in 
paffing through other bodies, whofe condu€ting 
power is lefs. 

3. That the eafe with which the electrical fluid 
is rendered himinous in any particular body, ‘is 
increafed by increafing the rarity of the bedy. 
The appearance of a fpark, -or of the difcharge 
of a Leyden phial, in rarefied air, is well known. 
‘But we need not reft the truth of the preceding 
obfervation on the feveral varieties of this fact; 
fimilar phenomena. attend the rarefaction of ~ 
ether, of fpirits of wine, and of water. 

E-xPeRIMENT ‘exev.— Spark in rarefied water, 
/pirits of wine, etber, and acids. Into the orifice of 
a tube, 48 inches long, and two-thirds of an 
inch in diameter, cément an iron ball, fo as to 
bear the weight which preffes upon it when the 

X | . tube 
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tube is filled with quickfilver, leaving only an 
interval at the open end, which contained a few 


_ drops of water. Having inverted the tube, and 


plunged the open end of it into a bafon of mer- 
cury, the mercury in the tube ftood nearly half 
an inch lower than it did in a barometer at the 


fame inftant, owing to the vapour which was- 


formed by the water. But through this rarefied 
water, the electrical {park pafled as luminoufly 
as it does through air equally rarefied. 

If, inftead of water, a few drops of {pirits of 


wine are placed on the furface of the mercury, 


phenomena, fimilar to thofe of the preceding 
experiment, will be difcovered, with this diffe- 
rence only, that as the vapour in this cafe is 


more denfe, the electrical fpark, in it’s paflage. 
through it, is not quite fo luminous as it is in » 


the vapour of water. 
Good ether, fubftituted in the room of the 


fpirits of wine, will prefs the mercury down fo | 


low as the height of 16 or 17 inches. The elec- 
trical fluid, in pafling through.this vapour, ( un- 
lefs the force be very great indeed,) is fcarcely 
luminous; but if the preffure on the furface of 
the mercury in the bafon, be gradually leffened 


by the aid of an air-pump, the vapour will be- — 


come more and more rare, and the electric f{park, 


in pafling through it, more and more luminous. 


Ie 


? 
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- It has not been difcovered, that any vapour 
does efcape from the mineral acids when ex- 
pofed in vacuo. To give them, therefore, 
greater rarity or tenuity, different methods are 
- found neceffary. With a fine camel-hair pen- 

cil, dipped in the vitriolic; the nitrous, or the 

marine. acid, draw upon a piece of glafs a line, 
about one-eighth of an inch broad. In fome 
inftlances, you muft extend this line to the length 
of 27 inches, and you will find that thé con. 
tents of an electric battery, confifting of ten pint 
phials coated, will pafs over the whole length of ° 
this line with the greateft brilliancy. If, by 
widening the line, or by laying on a drop of the 
acid, it’s quantity be increafed in any particular 
part, the charge, in pafling through that part, 
will not appear luminous.. Water, fpirits of 
wine, circumftanced fimilarly to the acids in 
the preceding experiments, will be attended 
with fimilar, but not equal effects; becaufe, in 
confequence of the inferiority of their conduct- 
ing power, it will be neceflary to make the line, 
through which the cbaige cg confiderably 
fhorter. 

4. The brilliancy or tieadar of the electric 
fluid, in it’s paflage through any body, is always 
-increafed by leffening the dimenfions of that 

body; that is, a fpark, or. the difcharge of a 

pe battery, 
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battery, which we might fuppofe equal to a 
fphere one quarter of an inch in diameter, will 
appear much more brilliant, if the fame quan- 
tity of fluid is comprefled into a fphere one- 
eighth of an inch in diameter. ‘This obferva- 


tion is the obvious confequence of many known | 


facts; if the machine be large enough to afford 
“a fpark, whofe length is nine or ten inches, this | 
fpark may be feen fometimes forming itfelf into 
a brufh, in which ftate it occupies more room, 
but appears very faintly luminous; at other — 
times, the fame fpark may be feen dividing it- 
felf into a variety of ramifications, which fhoot 
into the furrounding air. In this cafe, likewife, 
the fluid is diffufed over a large furface, and in 
proportion to the extent of that furface, fo is 
the faintnefs of the appearance. A fpark, which 
in the open air cannot exceed one quarter of an 
inch in diameter, will appear to fill the whole 
of an exhaufted receiver, four inches wide and 
eight inches long: but in the former cafe it is 
brilliant, and in the latter it grows fainter and 
fainter, as the fize of the receiver increafes. This 
obfervation is further proved by the following, 
experiments. ae 
Exerri MENT cxcvi.—To an infulated ball,. 
four inches in diameter, fix a filver thread, about- 
four yards long. ‘This thread; at the end which. 


1S 
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is remnoteft from the ball, muft be fixed to an- 
other infulated fubfiance. Bring the ball within 
the ftriking diftance of a conductor, and the 
fpark, in pafling from the conductor to the ball, 

will appear very brilliant; the whole length of 
the filver thread will appear faintly luminous at 
the fame inflant. When the fpark is confined 
within the dimenfions of a fphere, one-eighth 
of an inch in diameter, it will be bright; but 
when diffufed over the furface of air which re. 
ceived it from the thread, it’s light will be fo 
faint as to be feen only in a dark room. If you 
leffen the furface of air which receives the {park, 
by fhortening the. thread, it will not fail to.in~ 
_ creaie the brightnefs of the appearance. 

ExprrIMENT cxcvii.— To prove that the 

faintnefs of the electric light in vacuo, depends 
on'the enlarged dimenfions of the {pace through 
which itis diffufed; we have nothing more to 
do than to introduce two pointed wires into the 
vacuum, fo that the fluid may pafs from the 
point of the one, to the point of the other; 
when the diftance between them is not more 
than the one tenth of an inch, in this cafe we 

hall find a brilliancy as great as in the open 
air. 

EXPERIMENT CXCVIII .—Into a Torricellian 

vacuum, 36 inches long, convey as much air as 


X 3 i tome wth 
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will fill two inches only of the exhaufted tube 
if it were inverted in water; this quantity of 
air will afford refiftance enough to condenfe the 
fluid as it paffes through the tube into a fpark, 
38 inches in length. The brilliancy of the fpark 
in condenfed air, in water, and in all fubftances 
through which it paffes with difficulty, depends 
on principles fimilar to thofe which account for 
the preceding facts. 

is. That in the appearances of electricity, as 
well as in thofe of burning bodies, there are 
cafes in which all the rays of light do not 
efcape; and that the moft refrangible rays are thofe 
which efcape fixft or moft eafily. ~The electrical 
bruth is always of a purple or bluifh hue. If 
you convey a fpark through a Torricellian va- 
cuum, made without boiling the mercury in the 
tube, the brufh will difplay the indigo rays. 
The fpark, however, may be divided and weak- 
ened, even in the open air, fo as to yield the 
moft refrangiole rays only. 

Experimint cxerx.—To an infulated me- 
tallic ball, four inches in diameter, fix a wire a 
foot and a half long; this wire fhould terminate. 
in four ramifications, each of which muft be- 
fixed to a metallic ball half an inch in diame 
ter, and placed et an equal diftance from a me- 
tallic plate, which muft be communicated by 

oe | metallig 
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metallic conductors with the ground. A pow- 
erful {park, afier falling on the large ball at one 
extremity of the wire, will be divided in it’s 
paffage from the four {mall balls to the metallic 
plate. When you examine the divifion of the 
fluid in-a dark room, you will difcover fome 
little ramifications, which will yield the indigo 
rays only: indeed at the edges of all weak fparks, 
the fame purple appearance may be difcovered. 
You may likewife obferve, that the nearer you 
approach the center of the fpark, the greater is 
the brilliancy of it’s colour. 

6. That the influence of different media on elec- 
trical light, is analogous to their influence on Solar 
light, and will help us to account for fome very 
fingular appearances. 

Experiment cc.—Let a pointed wire, hav- 
ing a metallic bali fixed to one end of ‘it’s 
extremities, be forced obliquely into a piece of 
wood, fo as to make a {mall angle with the fur- 
face of the wood, and to make the point lie 
about one eighth of an inch below the furface. 
Let another pointed wire, which communicates 
with the ground, be forced in the fame man- 
ner into the fame wood, fo that it’s point like- 
wife may lie about one-eighth of an inch below 
the furface, and about two inches diftant from 
the point of the firft wire. Let the wood be 

X 4 : infulated, 
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infulated, and a firong fpark, which ftrikes on 
the metallic ball, will force it’s paffage through 
the interval of wood which lies between the 
points, and appear as red as blood, To prove 
that this appearance depends on the wood’s ab- 
forption of all the rays but the red ; when thefe 
points were deepeft below the furface, the red 
only came to the eye through a prifm; when 
they were raifed a little nearer the furface, the 
red and orange appeared; when nearer {till, the 
yellow; and fo on, til, by making the {park 
-pafs through the wood very near it’s, furface, 
all the rays were at length able to reach the eye. 
Jf the points be only one-eighth of an inch be- 
low the furface of foft deal wood, the-red, the 
orange, and the yellow rays will appear as the 
fpark pafies through it; but when the points 
are at an equal depth in a harGer piece of wood, 
(fuch as box) the yellow, and perhaps the orange, 
will difappear. As a farther .proof that the 
phenomena, t thus deicribed, are owing to the 
interpofition of the wood, ata hh Fie which 
abforbs fome of the rays, and fufh flers others to 
ef{cape; it may be obferved, that when the {park 
{trikes very brilliantly on one fide of the piece 
of deal, on the other fide it will appear very 
red, In like manner, a red appearance may 
be given toa fpark which {trikes brilliantly over 

he 
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the infide of. a tube, merely by {preading fome 


pitch very thinly over the outfide of the fame 
tube. } 

EXPERIMENT CCI. fii Ber a Torricellian va~ 
cuum, of any length, a few drops of ether are 


conveyed, and both ends of the vacuum are 


{topped up with metallic conductors, fo that.a_ 
fpark may pafs through it; the fpark in it’s 
paflage will aflume the following appearances. 
When the eye is placed clofe to the tube, the 
fpark will appear perfectly white; if the eye is 
removed to the diftance of fix or feven yards, 
the colour of the fpark will be reddifh. Thefe 
changes evidently depend on the quantity of 


_ medium through which the light pafies, and. 
the red light of a diftant candle, or beclouded 
geo | 


EXPERIMENT Cciil.—Dr. Prieftley long ago 
obferved the red appearance of the fpark when 


pafling through inflammable air; but this ap- - 
pearance is very much diverfified by the quan- 


tity of medium, through which you look at the 
{park. When at a very confiderable diftance, 
the red comes to the eye unmixed; but if the 
eye is placed clofe to the tube, the {park appears 
white and brilliant. In confirmation, however, 
of fome of thefe conclufions, you mutt obferve, 


hat by increafing the quantity of fluid which is 


conveyed 
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conveyed through any portion of inflammable 
air, or by condenfing that air, ‘the fpark may 
be entirely deprived of it’s red appearance, and 
made perfectly brilliant. All weak explofions 
and fparks, when viewed at a diftance, bear a 
reddifth hue. Such are the explofions which 
have paffed through water, {pirits of wine, or 
any bad conductor, when confined in a tube 
whofe diameter is not more than an inch. The 
reafon of thefe appearances feems to be, that the 
weaker the {park Or explofion is,* the lefs is the 
light which efcapes; and the more vifible the 
effect of any medium, which has a power to 
abforb fome of that light. , 
Chalk, oyfter fhells, together with thofe phot. 
phoric bodies, whofe goodnefs has been very 
much impaired by long » keeping, when finely 
powdered, and placed acne the circuit of an. 
clerical battery, will exhibit, by their fcat- 
tered particles, a fhower of light; but thefe 
particles will appear reddifh, or their phofpho- 
ric power will be fufficient only to detain the 
yellow, orange, and red rays. When {pirits of 
wine are ina fimilar manner brought within 
the circuit of a battery, a fimilar effect may be 
difcovered ; it’s particles diverge in feveral di- 
rections, difplaying a moft beautiful golden ap- 
pearance. The metallic calces are, of all bodies, 
: thofe 
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thofe which are rendered phofphoric with the 
greateft difficulty ; but even thefe may be {cat- 
‘tered into a {hower of red luminous particles by | 
the electric ftroke. 


Elefrical Experiments made in order to afcertain 
the Non-conduing Power of a perfei Vacuum, 
§ &e. by Mr. Wittt1am Morean. 


The non-conducting power of a perfect va- 
cuum, is a fact in electricity which has been 
much controverted among philofophers. The 
experiments made by Mr. Walfh, F. B.S. in 
the double barometer tube, clearly demonftra- 
ted the impermeability of the electric light 
through a vacuum; nor was it, I think, preci- 
pitate to conclude from them the impermeabi- 
lity of the electric fluid itfelf. But this conclu- 
fion has not been univerfally admitted, and the 
following experiments were made with the view 
of determining it’s truth or fallacy. 

A mercurial gage B, fig. 1, about 15 inches 
long, carefully and accurately boiled, till every 
particle of air was expelled from the infide, was 
coated with tin-foil, 5 inches down from it’s 
fealed end (A), and being inverted into mer- 
cury through a perforation D, in the brafs cap 
FE, which covered the mouth of the ciftern H; 

; the 
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the whole was cemented together, and the air 
-was exhaufted from the infide of the ciftern. 
through a valve C, in the brafs cap E juft men- 
tioned; which producing a perfect vacuum in 
the gage B, afforded an inftrument peculiarly 
Well adapted for experiments of this kind. 
Things being thus adjufted, a {mall wire, F, 
haying been previoufly fixed on the infide of the. - 
ciftern, to form a communication between the 
-brafs cap E, and the mercury G, into which 
the gage was inverted; the coated end A was 
applied to the conductor of an eleétrical ma- 
chine; and, notwithftanding every effort, nei- 
ther the fmalleft ray of light, nor the flighteft 
charge, could ever be procured in this exhaufted 
gage. Itis well known, that if a glafs tube be 
.exhaufted. by an.air-pump, and coated on the 
eutfide, both light and charge may very readily 
be procured. . Jf the mercury in the gage be 
imperfectly boiled, the experiment will not fuc- . 
ceed ; but the colour of the ele¢tric light, which, 
an air rarefied by an exhaufter, is always_violet 
-or purple, appears in this cafe of a beautiful 
green; and what is very curious, the degree of 
the air’s rarefaction, may be nearly determined 
by this means. There have been. inftances 
known, in a courfe of experiments, where a 
fmall particle of air having found it’s way into 


the - 
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the tube B, the electric light became vifible, 
and as ufual of a green colour; but the charge 
being often repeated, the gage has at length 
cracked at it’s fealed end, and in confequence 
the external air, by being admitted into the in- 
fide, has gradually produced a change in the — 
electric light, from green to blue, from blue to 
indigo, and fo on to violet and purple, till the 
_ medium has at laft become fo denfe, as no 
longer to be a conductor of electricity. There 
can be little doubt, from the above experiments, 
of the non-conducting power of a perfect va~ 
cuum; and this fact is ftill more ftrongly con- 
firmed by the phenomena which appear upon 
the admiffion of a very minute particle of air 
into the infide of the gage. In this cafe, the 
whole becomes immediately luminous, upon the 
flighteft application of electricity, and a charge 
takes place, which continues to grow more and 
more powerful, in proportion as frefh air is ad- 
mitted, till the denfity of the conducting me- 
dium arrives at it’s maximum, which it always 
does when the colour of the electric light is in- 
digoor violet. Under thefe circumftances, the 
charge may be fo far increafed, as frequently 
to break the glafs.. In fome tubes, which have 
not been completely boiled, they will not con~ 
duct the electric fluid, when the mercury is 

fallen 
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fallen very low in them; yet upon letting in air 
into the ciftern H, fo that the mercury ‘hall 
rife in the gage B, the electric fuid, which was 
before latent in the infide, fhall now become 
vifible, and as the mercury continues to rife,and 
of confequence the medium is rendered lefs rare, 
the light fhall grow more and more vifible, and 
the gage fhall at laft be charged, notwithftanding 
it has not been near an electrical machine for 
two or three days. This feems to prove, that 
there is a limit even in the rarefaction of air, 
which fets bounds to it’s conducting power ;. 
or, in other words, that the particles of air may 
_ be fo far feparated from each other, as no longer 


to be able to tranfmit the electric fluid; that. ° 


if they are brought within a certain diftance of 
each other, their conducting power. begins, and 
continually increafes, till their approach alfo : 
arrives at it’s limit, when the particles again ~ 
become fo near, as to refift the paflage of the 
fluid entirely, without employing violence, which 
is the cafe in common and condenfed air, but 
more particularly in the latter. 

It is furprifing to obferve, how readily an ex- 
-haufted tube is charged with electricity. By 
placing it at ten or twelve inches from the con- 
ductor, the light may be feen pervading it’s in= 
fide, and as ftrong a charge may fometimes be 

procured, 
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procured, as if it were in contact with the con- 
. duétor. Nor does. it fignify how narrow. the 
bore of the glafs may be; for even a thermo- 
meter tube, having the minuteft perforation pof- 
fible, will charge with the utmotft facility ;. and 
in this experiment, the phenomena are pecu- 
liarly beautiful. 

Let one end of a thermometer tube be fealed 
hermetically; let the other end be cemented 
into a brafs cap. with a valve, or into a brafs 
cock, fo that it may be fitted to the plate of an’ 
air-pump. When it is exhaufted, let the fealed 
end be applied to the conductor of an eleGtrical 
machine, while the other end is either held in 
the hand, or connected to the floor. Upon the 
flighteft excitation, the electric fluid will accus 
mulate at the fealed end, and be difcharged 
through the infide in the form of a fpark; and 
this accumulation and difcharge may be incef- 
fantly repeated, till the tube is broken. - By this 
means, a {park 42 inches long may be pro- 
cured; and if a proper tube could be found, 
we might have a fpark three or four times that 
length: if, inftead of the fealed end, a bulb be 
blown at the extremity of the tube, the electric 
light will fill the whole of that bulb, and then 
_ pafs through the tube in the form of a brilliant 
fpark,. 
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a f{park, as in the foregoing experiment ; though 
in this cafe, the charge, after a few trials, will 
make a {mall perforation in the bulb. If, 
again, a thermometer, filled with mercury, be 
inverted into a ciftern, and the air exhaufted in 
the manner before defcribed for making the ex- 
periment with the gage, a Torricellian vacuum 
will be produced; and now the electric light | 
in the bulb, as well as the fpark in the tube, will 
be of a vivid green; but the bulb will not bear 
a frequent repetition of charges, before it is per- 
forated in like manner as when it has been ex- 
_» haufted by an air-pump. It can hardly be ne- _ 
ceffary to obferve, that in thefe cafes the electric ~ 
fluid afflumes the appearance of a fpark,* from 
the narrownefs of the paflage through which it 
forces it’s way. If atube, 40 inches long, be 
fixed into a globe, 8 or g inches in diameter, 
and the whole be exhaufted, the eleétric fluid, 
after pafling in the form of a brilliant fpark 
throughout the length of the tube, will, when 
it gets into the infide of the globe, expand ir- 
felf in all directions, entirely filling it with a 
violet and purple light, and exhibiting a firiking 
, inftance 


* By cementing the itring of a guittar into one end of a 
thermometer tube, a fpark may be obtained, as well as if 
‘the tube had been fealed hermetically. 
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‘ltl cip of the vaft signi of the slertrig 
fluid. 

» Mr. Brook's webstheae of Aas aaa 
gages is nearly as follows. Let a glafs tube L, 
fig. 15, fealed hermetically at one end, be bent 
into a right angle within two or three inches of 
the other end: at the diftance of about an inch 
- or lefs from the angle, let a bulb K, of about z 
of an inch in diameter, be blown in the dived 
end, and let the remainder of thig part of the 
tube be drawn out as tol, fo as to be fuffi- 
ciently long-to take hold of, ‘when the mercury 
' is boiling. The bulb K is defigned as a recep- 
tacle for the mercury, to prevent it’s boiling 
over, and the bent figure of the tube is adapted 
for it’s inverfion into the ciftern; for by break- 
ing off the tube at M, within + or z of an inch 
of the angle, the open end of the gage may be 
held perpendicular to the horizon, when it is 
dipped into the mercury in the ciftern, without 
obliging us to bring our finger, or any other 
fubftance, into contact with the mercury in the 
gage, which never fails to render the ini{tru- 
ment imperfect. It is neceffary to obferve, that 
if the tube be fourteen or fifteen inches long, it 
will be neceffary to boil it for three or four 
hours; nor will it even then fucceed, unlefs the 


Mi greateft 
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greateft attention be paid that no bubbles of air 
lurk behind, which- will frequently happen, if 
the tube is not made very dry before the mer- 
cury is put into it. If this caution be not ob- 
ferved, the inftrument can never be made per-~ 
fett.. | 


CHAP. 


i ce 
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Sink 3 cdots Soi ste - 


On tHe Inrtuence or Potntep CONDUCTORS 
FOR BUILDINGS. . 


“HE importance of electricity, as well as 
it’s univerfal agency, becomes more con- 
{picuous, in proportion as ‘our. acquaintance 
with it increafes. We find. no -fubftance- in 
nature which is not aled on by it, either as a 
conductor or non-cenductor ; and difcover, that. 
the furprifing phaenomena of thunder and light- 
ning owe their origin to, and are of the fame 
nature with it. Very little. progrefs had been 
made in electricity, when the analogy between 
the electric fpark and lightning was difcovered : 
‘but the fublime idea of. realizing thefe conjec- 
tures, and proving that the fire which flafhes 
in the fky, is the fame agent which explodes 
and gives a fhock in our experiments, was given 
to Dr. Franklin; who alfo firft fuggefted the 
utility of pointed conductors of metal, to pre- 
ferve buildings from’ the dreadful effecis of 
lightning; an idea which was received with 
general applaufe and approbation. Since this 
period, many electricians have’ been induced. to 
| mG} | change 
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change their opinion relative to the utility of 
thefe conductors; and among thofe who un- 
derftand the fubject well, it has been difputed, 
whether the preference fhould be given to a 
- tonductor with a pointed end, or to one which 
has an obtufe terfnination. | 

The experiments which have been made on 
this fubje€&t are very numerous; but the greater 
part appear to me very inconclufive, and prefent 
only a very partial view of the fubject. Among 
thefe we may reckon thofe in which different 
fubftances have been introduced, to reprefent 
the action of conductars on clouds; fince the 
various fubftances made ufe of in thefe experi+ 
ments, were cohering mafles, in which they 
_ differ effentially from the clouds which float in 
the air. It appears alfo, from many inflances, 
that lightning does not pafs in one undivided 
tract, but that neighbouring bodies carry off 
their fhare, according to wait quantity and 
ee power. 

‘ A pointed conductor, which communicates 
with the earth, has not any particular power of 
attracting electricity, and atts only as any other 

. conducting fubftance, which does not ey the 
pafflage of the electric fluid. : } 

It is true, that electricity pafies ccm | 
eafe from an electrified igi to a conduétor — 

which 
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sehicty is pointed, than to one which is flat or 
globular ; becaufe, in this cafe, the elafticity of 
the eleétric fluid, and it’s power to break through 
the air, are weakened by the flat furface, which 
acquires a contrary electricity, and compenfates 
the diminifhed intenfity more than‘a point can; 
the point being eafily rendered negative, while 
the.effort of the fluid to efcape from the elec- 
trified body, is greater than when it is oppofed 
by a flat furface. . So that it is not the particu. 
lar property of a point, or flat, but the different | 
ftate of the ele@rified body, which caufes it to 
part with it’s eleftricity eafier, and from a greater 
diftance, when a_ pointed conducting fubftance 
~ is prefented to it, than it does to a flat or igen 

lar conductor .* 
_ Thecapacity of is el to hold Palins 
city, is in proportion to the furfaces which are 
free, or uninfluenced by a fimilar atmofphere; 
a circumftance which will, more or lefs, affe& 
thefe condugters which are applied to build- 
ings, according to the ftate of the clouds and 
their atmofphere, the time their influence has 
been exerted, the nature of the conducting © 
{trata of the earth, and it’s electric fituation. . - 
Befides, the electric powers muft be feparated 
before any. bedy can be electrified; and the paing — 
¥ 3 mutt 


* See Volta’s Paper, Phil. Tran, vol. 72, 
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mult be in a ftate to give one kind of electricity, 
before it can receive the other. They cannot. 
aét beyond the electric atmofphere of the body 
to which they are prefented, and their action is 
differently modified by the ftateof the air, 

Fig. 68 reprefents the gable end of a houfe, 
fixed: vertically on the horizontal board FG; 
a {quare hole is made in the gable end at hi, 
into which a piece of wood is fitted; a wire is 
inferted in the diagonal of this little piece; two 
wires are alfo fitted to the gable end; the lower 
end of one wire.terminating at the upper corner 
of the fquare hole; the top of the other wire is 
fixed to it’s lower corner ; the brafs ball on the 
wire may be taken off, in order that the pointed 
end may be occafionally expofed to bees the 
explofion.. 

EXPERIMENT CCIII. popes « -Place 
a jar with it’s. knob.in contact with the con-_ 
ductor, connect the bottom of the j jar with the 
hook H, ‘then charge the jar, and bring the balk 
under the conductor, and-the jar will be dif- 
charged by an explofion from the conductor 
to the ball of the houfe. ‘The wires and chain 
being all in connection, the fire will be con- 
veyed to the outfide of the jar, without affecting 
the houfe: but if the fquare piece of wood is 


placed fo that the wires are not connected, but 
the. 
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the communication cut off, the eleétric fluid, in 
pafling’to the outfide of the bottle, will throw 
out the little piece of wood to a confiderable 
diftance, by the lateral force of the explofion. 


See fig. 68. : 


wialtevewrs the ball, and let the point which is 
underneath be prefented to the conductor, and 
then you will not be able to charge the jar; for 
the fharp point gradually draws the fire from 
the conductor, and conveys it to the coating on 
the outfide of the jar. 

The prime conductor is fuppofed to feinelihit 
a thunder cloud difcharging it’s contents on a 
weather-cock, or any other metal, at the top of 
a building. From this experiment many have 
inferred, that if there is a connection of metal 
to conduct the electric fluid down to the earth, 
. the building will receive no damage; but where 
the ‘connection is imperfect, it will ftrike from 
-one part to.another, and thus endanger the 


— ra 


On ibe lune of High by Mr. Hewuey. 


Exiiajoaaiiaien CCIV een. H. afixed to the 
top of a glafs ftand a wire, three-cighths of an 
inch in diameter, terminated at one end by a 

Y 4 ball, 
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ball, three-fourths of an inch in diameter; and 
at the other end by a very {harp point; (fee fig. 
69.) round the middle of this wire hung a chain, 
twelve inches long ; he connected the chain with 
the coating of a charged bottle, and-brought the 
knob of it very gently towards the ball on the 
infulated wire, in order to obferve precifely at 
what diftance it would be difcharged upon it, 
which conftantly happened. at the diftance of 
-half'an inch, with a loud and full explofion. 
Then charging the bottle; he brought it in the 
fame gradual manner towards the point of the 
inflated wire, to try alfo at what diftance it 
would be ftruck; but this, in many trials, never 
happened at all; the point being approached in 
this gradual manner, always drew off the charge 
_ kmperceptibly, deaving {carce a {park ‘in the 
bottle. | Pia 
The fame gentleman connected a jar, contain- 
ing 5og fquare inches of coated furface; with 
the prime conductor; fee fig. 68. If the jar 
was fo charged as to raife the electrometer ‘to 
60°, by bringing the ball on the wire of the 
thunder houfe, to half an inch diftanee from 
that connected with the prime conductor, the 
jar would be difcharged, and the piece in the 
thunder houfe thrown out to a confiderable dif- 
tance. ‘Ufing a pointed wire.as a conductor to 
lad the 
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the thunder houfe, inftead of the knob, the 
charge being the fame, the jar was difcharged 
filently, though fuddenly, and the piece was 
not thrown out. 

He afterwards made a double circuit to the 
thunder houfe ; the firft by a knob, the fecond 
by a fharp pointed wire, at an inch and a quar- 
ter diftance from each other, but exactly the 
fame height. The charge being the fame, the 
knob was firft brought under the prime con- 
ductor, which was half an inch above it, and 
followed by the point at an inch and a quarter 
diftance, yet no explofion fell upon the ball, 
as the point drew off the charge filently, and 
the piece in the thunder houfe remained un- 
moved. rh | 
He infulated a large jar, and connected, by 
chains, with the external coating, on one fide 
a knob, on the other a fharp pointed wire, both 
being infulated, and ftanding five inches from 
each other, and placed an infulated copper ball, 
eight inches in diameter, fo as to ftand exactly 
at half an inch diftance both from the knob and 
the peint ; the jar was then charged, and the 
difcharge made by the difcharging rod on the 
“copper ball, from whence it leaped to the knob, 

which was three quarters of an inch in diame- — 
' ter, 
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ter, the jar was difcharged by a loud and fulf 
explofion, and the chain was very luminous. 
Mr. H. fufpended by a filk ftring, from one 
end of a wooden bar, which turned freely in arr 
horizontal direction upon the point of a needle, 
a large bullock’s bladder, gilded with leaf cop- 
_ per; the bladder was ballaneed by a weight: at 
the other end of the arm; (fee fig. 71;) he gave 
a {trong fpark from the knob of a charged phial 
to the bladder; he then prefented towards it a 
brafs ball, two inches in diameter, and obferved 
_ thar the bladder would come towards it at the - 
diftance of three inches.; and when it got within 
an inch, would throw off it’s electricity in a full 
fpark. He then gave it another {park, and pre-_ 
fented a pointed wire towards the bladder, 
which never approached to the point, nor ever 
gave any fpark, the electricity being carried off 
ExpeRIMENT ccv.—-Franklin’s cloud: © Take 

- two or three fine locks of cotton, faften one of 
them to the conductor by a fine thread, another 
lock to that, and.a third to the fecond, put the 
machine ‘in action, and the locks of cotton will | 
expand. their filaments, and will extend them- 
felves towards the table. Prefent a fharp point 
under the loweft, and.it will fhrink up towards 
- the fecond, and this towards the firft, and all 
together 
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together towards the prime conductor, where 
they will continue as rere as the point remains 
under them. 3 

EXPERIMENT CCVI. eipeiz ona point of diverg- 
ing hair. Faften 4 number of fine threads, or 
hair, to the end of the prime conductor ; when 
the cylinder is turned, thefe will diverge like 
rays proceeding fgom a center: continue turn- 
ing the cylinder, and prefent a point towards 
one fide of the conductor, and’ the threads on 
one fide will hang down, and lofe their diverg- 
ence, but thofe on the other fide will ftill con- 
tinue to diverge; which fhews, that the power 
of points to draw off the electricity, does not 
extend round the electrified body, when means 
are ufed to keep up the fupply of electricity. 


Fig. 72 reprefents an oval board, three feet 


long and two feet broad, coated on both fides’ 


with tin-foil, and fufpended by filk lines from 
a double hook; this ‘turns on an axis, which is 
faftened to one arm of a nice ballance, and coun- 


terpoifed at the other arm by a weight; part of - 


the table underneath the board is to be covered 
with tin-foil, and communicate to the floor by 

a. chain. 
EXPERIMENT cevit.—Pendulous board. Con- 
nect the pendulous, board with the prime con- 
ductor 
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ductor by a finall wire, a few turns of the’ ma- 
chine will electrify the apparatus. Wheri this 
experiment was made, the board was attracted 
by the table at fifteen inches diftance, and dif 
charged itfelf with a ftrong fpark. The fame 
happened to a metal ball which was placed on 
the table, the board approaching till it - was 
about one inch from the ball, and then dif- 
charging itfelf by a fpark. If a point is fixed 
on the board inftead of a knob, the pendulous 
board, though it begins to approach, ftops at 
about four or five-inches from the table, and it 
will not approach nearer, or give a fpark: a 
{mall light is feen upon the point in the dark, | 
A Leyden phial was then connected with the 
‘prime conductor; it now required more turns 
of the machine to charge the apparatus; the 
effect was the fame as before. The counter- 
poife was now held, that the board might not 
defcend till it had received a full charge; when 
fet at liberty, it was not only attracted by, but 
alfo gave aloud explofion on the point, info- . 
much, that the tin-foil round it was ftained by 
the overflowing of the fire. 

EXPERIMENT ccvilr.—A/wood’ s experiments on 
points. If an interruption is made in each of 
- two fimilar circuits, which form communica- 
tions is between the charged furfaces of an electric 

wali: plate, 
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plate, and if the fpace of air in one of the in- 
terruptions is terminated by points, and in the 
other by balls, the difcharge will be made 
through the circuit of which the points make a 
part, although the length of the interrupted 
fpace of air is confiderably greater than that in 
the other Circuit. | 

Before any difcharge takes place, the two 
powers are fufpended on the oppofite furfaces of 
the charged electric. 

An electric plate may be difcharged two ways, 
either filently in fome fenfible portion of time, 
or by explofion in an inftant; in either cafe ex- 
periments abundantly fhew, that, ceteris paribus, 
the diftharge will be made through a pointed 
body in preference to a round termination. 

When a pointed body is prefented to any 
charged furface, a cylindrical plate of air, of 
evanefcent diameter, is charged with the con- 
trary electricities ftrongly attracting each other 
through its; and the quantity of air being fo 
{mall, there will be little refiftance to their 
union; the difcharge will be made by explofion 
in preference to the gradual difcharge, accord- 
ing as the oppofite furfaces (the pointed body 
and the furface oppofed to it) are larger, as they 
are nearer each other, and as the charge is 
ereater; for it will be obferved, that a point, 

or 
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or very {mall {pherical termination, which is in 
a phyfical fenfe a point, will: difcharge any 
quantity of electricity filently and gradually 
without explofion, while it is at a fufficient dif 
tance from the oppofite charged furface; by 
bringing it nearer, the method of difcharee will 
be altered; which will now bea fuccefiion of 
{mall explofions very quickly following each 
other. The reafon of this: feems to. be, that 
when the charged furfaces are very near, there 
is not fufficient time for the contrary powers to 
unite gradually, nor fufficient room in which 
they may be diffufed among the furrounding air. 
This is confirmed by again removing the two 
- eppofed furfaces to fuch a diftance, that the dif- 
charge may be made gradually ; in this cafe, if 
the parts of the apparatus are fo difpofed, by any | 
kind of contrivance, that the difcharge muft 
neceflarily be made fuddenly, the method of 
difcharge will be again altered, becoming now a 
fucceffion of explofions, inftead of a gradual cur~ 
rent between the oppofed furfaces: this fudden- 
nefs of the difcharge may be effected by a pro- 
per ufe of interruptions in the circuit; it may — 
alfo be caufed by motion; if etther furface be 
moved brifkly toward the other, the lige 
of the charge will be promoted. 
Elevated conductors applied to bial dae as 
a fecurity 


AN ESSAY ON ELECTRICITY. 335 | 


a fecurity from the effects of lightning, will con- 
tribute to difcharge the electricity from a cloud 
thar paffes over them: and a greater quantity of 
the difcharge will pafs through’a pointed con- 
ductor, than through one which is terminated 
by a ball; but whether the difcharge will be 
made by a gradual current, or by explofion, will 
depend on the /uddenne/s: of the. difcharge, on 
the proximity of the. cloud, it’s motion, and the 
quantity of .the elecfricity contained in it. If a 
{mall cloud hangs fufpended under a large 
cloud loaded with electric matter, pointed cons 
ductors on a building underneath will receive 
the: difcharge by .explofion, in preference to 
_thofe terminated by balls, the fmall cloud form. 
ing an interruption, which allows only an inftant 
of time for the difcharge. If a fingle: electric 
cloud. is driven with confiderable velocity near 
to a pointed conductor, the charge may be caufed 
to explode upon it by the motion of the charged 
body... In other cafes, pointed conductors con- 
tribute. to difcharge a thunder cloud gradually 
without explofion. 

Mr. Wilfon’s experiments, publithed in the 
Philofophical Tranfactions 1778, have contri- 
buted greatly to explain the-effects of points in 
difcharging the electric matter. | aL: 

“yt a conical pointed body were inferted\into a 

, | fonilag 
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fimilar hollow cone, formed into an electrified 
folid, the furfaces of the two cones being equi- 
diftant, no greater difcharge of the electrics 
would follow, than if the two conical furfaces 
had been plain, and oppofed to each other at 
the famediftance, 

If two electric plates be charged, and a com-= 
munication formed between the pofitive fide of 
one, and the negative fide of the other, no dif- 
charge will follow; unlefs a communication be 
formed between the other two furfaces at the 
fame time. | vies 

The: natural dietiviaiey in the atmofphere is 
frequently difcharged in this manner: Two 
clouds being electrified with oppofite powers, 
the furfaces of the earth immediately under 
them are likewife eletrified with powers con- 
trary to thofe in the clouds above them; and 
the moifture of earth forming a communication 
between the two contiguous charged furfaces, 
whenever the two clouds meet, there will fol- 
low a difcharge, both of the clouds and furfaces 
on‘ the earth oppofed to them. If the earth 
fhould be dry, and confequently afford a refif- 
tance to the union of the two electricities accu- 
mulated on or under it’s furface, there will fol- 
low an explofion in the earth as well as the 
asmofphere, which will produee concusfions and 

other 
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other phenomena which have frequently been 

obferved to happen in dry feafons, particularly 

jn thofe climates which are the moft liable to 

ftorms of thunder ae bilge ytioge | 
‘ties Musonave S. Obpediiinne! on pointed 
| vie Condutiors. 


Te Pedcha. in none of aie paffages where 
he fpeaks of the efficacy of fharp-pointed con- 
ductors to prevent electrical explofions, has éx- 
prefféd any doubt of their being univerfally 
preferable for this purpofe to thofe which have 
a blunt or [pherical termination. The fame 
obfervation may be made of the other gentle- ~ 
men who are thé advocates for his doctrine. Ir 
‘may therefore be affumed, that both he and they 
medn to affert an univer fal propofition; “ That 
* tharp points will, in all cafes, draw off the 
% electrical fluid filently within the diftance at 
“« which rounded ends will explode; of, af leaft 
“© that the former fort will in no. cafe receive 
«an explofion at a greater diftance than the 
* Jatter.” Though I diffent from this doctrine, 
Ido not mean to affert the contrary univerfal 
propofition, but only to dehy the univerfality 
Of that afferted by Dr. Franklin, which I ap- 
‘prehend to be fometimes true, and fometimes 


alfo fal{e. | 
Z, neue 


938 AN ESSAY ON’ ELECTRICITY. 


_ But before I attempt to fpecify the particular 
cafes in which the fharp and the blunt termi- 
nations are ref{pectively more liable to electrical 
explofions, it may be of ufe to fhew, (what many 
gentlemen feem not to be thoroughly aware of) 
that fharp points having the moft perfect com- 
munication with the earth, are not wholly ex- 
empt from receiving them. My firft authority 
fhall be Dr. Franklin himfelf. * Let a perfon,’’ 
fays he, p. 60, “ ftanding on the floor, prefent 
“ the point of a needle at twelve or more inches 
*¢ from it (the prime conductor), and while the 
“«* needle is fo prefented, the conductor cannot — 
“« be charged, the point drawing off the fire as 
“© faft as it is thrown on by the electrical globe. | 
«© Let it be charged, and then prefent the point 
«ar the fame diftance, and it will /uddenly be 
‘¢ difcharged.”’ — The word Juddenly means, I 
fuppofe, that it will receive an explofion; that 
being the moft natural and obvious proof of the 
fuddennefs of the difcharge. The fame thing is” 
more directly afferted by Mr. ‘Henley, in vol. 
Ixiv. of the Phil. Tranf. p. 138; where he in- 
forms us, that in difcharging three of his large 
jars, to the coating of which he had connected 
wire nicely tapered to a-point, the fire flew to 
the point, and the jars were difcharged with a 
full and loud explofion. A third, and equally 
decifive, 
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decifive, proof is furnifhed by Mr. Nairne’s 
experiments, though feemingly made with a 
contrary view. For when the double or in+ 
terrupted ‘conductor was ufed, and the fecond 
conductor fixed down by fcrews at about three 
inches ‘diftance from the firft, the point pre« 
{ented to the contrary end of the fecond con= 
ductor was found to receive a ftrong and loud 
explofion, with a white light at the diftance of 

at leaft three inches. _ : 
if we compare this experiment with another — 
very common one, exhibited at the fame time 
by Mr. Nairne, the comparifon will, perhaps, 
lead us to the difcovery of a principle upon 
which electrical explofions very frequently de 
‘pend. Though the point, in the circumftances 
above defcribed, received fo ftrong an explo. 
fion, ‘yet when it was prefented directly to the 
prime conductor, it received no explofion what 
éver at any diftance, unlefs a fucceffion of weak 
parks, at the diftance of about a quarter of an 
_ ¥nch, can be called fo. To what muft this dif- 
ference be attributed? Plainly to the different 
quantity of eleGric fluid accumulated on the 
prime conductor in the one and the other cafe. 
Where the point is prefented to the prime con= 
ductor, from the time.the machine begins to 
work, the property which is attributed to them, 
| Z 2: : and 
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and which, in fome cafes, they really poffefs, of 
fiealing away the electricity filently; this pro- 
- perty, I fay, operating from the very beginning, 
prevents the electric fluid from being accumu- 
lated in the prime conductor, and of courfe the 
quantity of it will always be fmalb.. But when 
a double or interrupted condudior is uled, the fe- 
cond conductor receives no electricity till the 
prime conductor is pretty highly charged, and, 
if put at the greateft ftriking diftance, not til! 
it is fully charged, and confequently the fharp 
point prefented to the oppofite end can carry 
away none of it till that time; when the whole 
quantity is thrown off at once. It fhould feem 
then, that the explofion i in one cafe, and the non- 
explofion in the other, depended wholly upon — 
the different quantities to be thrown off : whence 
it will follow, that though a {mall quantity of 
electricity will pafs off filently upon a point, yet 
that this power is very Hmited; for that if a 
fomewhat greater quantity be applied fuddenly 
_ to a fharp point, it will not pafs off filently, but 
create an explofion in proportion to it’s denfity. 
‘The experiments in this Effay demonftrate, 
that a broken communication will oceafion the 
Sharp point to receive an’explofion. s 
.. Let us now confidery more particularly the 
practical queftion, whether the fharp-pointed ox 
aga ~ 
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the blunted conductors be the beft prefervatives 
from lightning. And here it is neceflary to 
obferve, that buildings may be expofed to a 
ftroke of lightning in feveral different ways. The 
lightning which, to avoid prolixity, I fhall only 
fpeak of as pofitive electricity: the lightning, I 
fay, may accumulate directly over the building ; 
or it may be brought towards the building by a 
fmall cloud fetching it in feveral fucceflive trips 
from a large cloud at fomediftance ; or a large 
electrified cloud may be carried rapidly towards’ 
it by the wind: a circumftance this by no means 
rare, there being no lefs than four inftances of 
it upon record in the Phil. Tranf. vol. xlix. p. 
16, and p. 309. vol. Ixi, p. 72. and vol. lxiv. 
p. 351. Inthe firft of thefe fuppofed cafes a 
fharp-pointed conduétor might ‘poffibly drain, 
the cloud of it’s lightning as faft as it began to 
accumulate,’ and thereby prevent any explofion 
whatever. | In the fecond, as the cloud, by fup- 
pofition, not being driven in one direction. by 
the wind, could not move with any remarkable 
velocity, it is reafonable to imagine, that in this 
cafe alfo there might be no explofion; and that 
~ the electricity of the larger cloud might be gra- 
dually | exhaufted. But if, according to the 
third fuppofition, a cloud of great extent, and; 
“highly electrified, fhould be driven with. great 
rectly | in fuch a direction, fo as to pals directly 
| Z 3 over 
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over the fharp-pointed: conductor, there can ber 
no doubt but that fuch a point, from it’s fupes 
rior readinefs to. admit electricity, would: take 
the explofion at a much greater diftance thama 
rounded end, and in proportion to the difference 
of that ftriking diftance would do mifchief in- 
ftead of good. 

But perhaps-it will be faid, ‘that every: Ginlen | 
of lightning falling upon.a fharp point is pre- 
vioufly. diminifhed by that point, and therefore- 
may more eafily. be. tranfmittéed through the 
conductor, than when: it falls undiminifhed:upon: 
4: rounded: end. Upon this,fuppofition I mutt 
obferve, that it not anly contradicts Mr. Wil+ 
fon’s. experiments at the Pantheon, but alfo. Mr: 
Henley’s experiment already referred to in this 
paper, where the fire flew to a very taper point, 
and melted the end’ with a {trong and loud: ex- 
plofion. So alfo the fharp-pointed.conductors: 
affixed in America.to the houfes of Mr: Weft; 
Mr. Raven, and Mr. Mayne, do not /eem to 

have diminifhed the force of the explofion, if 
we may judge from the violence of it’s effects 
as related at large in Dr. Franklin’s works. It: 
fhould feem, therefore, that the power of’ di- — 
minifhing a ftroke; like that of preventing: it, 
_is-only contingent, and depends, as we faid: be- 
fore, upon the depree of lesagsiin with which. 


the lightning moves. | 
The 
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The fum of the whole’is, that conductors, ter- 
rminated’ by fharp points, are fometimes advan- 
‘tageous, and at other times préjudicial. Now 
as the putpofe for which conductors are’ fixed 
upon buildings is, not to protect them from one 
particular fort of clouds only, but, if poffible, 
from all, it cannot furely be advifeable to ufé 
that kind of conductors, which, if they diminifh 
danger on one hand, will increafe it on the 
other. It is the duty of a pilot to Keep out of | 
the way of rocks; but it is alfo incumbent upon 
him, in avoiding the rock, not to take fo large 
a compafs as to run his fhip upon a quickfand. 

When I fay: that fharp-pointed conductors 
may in fome cafes diminith danger, I {peak of 
them, perhaps, rather too favourably : for their 
power of ftealing away the electric fluid being 
confined to cafes where the accumulation is 
fall, it follows, that they afford no protection 
where the danger is great and imminent, and 
only obviate that which is diftant and problema- . 
tical. The cafes againft which we with ‘prin- — 
cipally to provide, are the explofions of exten- 
five and highly electrified clouds ;; and here we. 
have feen, that blunted ends, as acting to.a. 
much, fmaller diftance, are entitled: to the pres 
ference. 

If it be admitted, that- atacand con. 

Z 4 | ductors 
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ductors are attended with any, the flighteft de- 

gree of danger, how muchimuft that danger be 
augmented by carrying them high up into the 
air, by fixing them upon every angle of a build. 
ing, and making them project in every direc- 
tion? Ought this to be advifed while there is 
{till a doubt of the tance of their doing mif- 
chief ? 


| Obfervations on the ABion. of alll atten &e, by 
(he Evrtors of ibe Encyclopedia Britannica. | 


« Ever fince the difcovery of the mest of 
electricity and lightning, it has been allowed 
by all parties, that eanadbisne of fome kind are * 
in a manner neceffary for the fafety of buildings 
in thofe countries where thunder ftorms are very 
frequent. The principle on which they act is 
this’; that the electric fluid, when impelled by 
any power, always goes to that place where ie” 
meets with the leaft refiftance. Now, as metals 
are found to give the leaft refiftance to it’s paf> 
fage, it will always choofe to run along a me-~ 
talline rod, in preference to a paflage of any 
other kind. Bur it is neceffary to obferve here, 
that electricity never’ ftrikes a body merely ‘for 
the fake of the body itfelf, but as by means of 
that body it can arrive at the place of it’s defti-” 
pation. » ‘When a quantity of electricity 1s col- 

mee 
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le&ted from the earth, by means of an electric 
| machine, a body communicating with the. earth 
will receive a {trong {park from the prime con- 
ductor; it receives this fpark, not becaufe. it is 
capable of containing all the electricity of the 
cylinder and condu¢tor, but becaufe the natural 
fituation of the fluid being difturbed by the mo- 
tion of the machine, a ftream of it is fent on.’ 
from the earth. The natural powers, therefore, 
make an effort to fupply what is thus-drained off 
from the earth; and as the individual quantity 
which comes put is moft proper for fupplying 
the deficiency, as not being employed for any 
| natural purpole, there is always an effort made 
for returning jt fo the earth. No fooner, then, 
is.a conducting body, communicating with the 
earth, prefented to the prime conductor, than 
the whole effort of the electricity is directed 
againtt that body; not merely becaufe it is a 
conductor, but becaufe it leads to the ™ place 
where the fluid is directed by the natural pow- 
“ers by. which it is governed, and at which it 
would find other means to arrive, though that 
body were not to be prefented. That this is . 
the cafe, we may eafily fee, by prefenting the 
fame conducting fubftance in an infulated. ftate 
to the prime conductor of the machine, when 


we fhall find onky. a fimall fpark will be pro~ 
duced, 
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duced. In like manner, wher lightning ftrikes 
& tree, a houfe, or a thunder-rod) it is not be- 
caufe thefe objets aré high, or in the neigh- 
bourhood of the cloud, but becaufe they com- 
municate with fome place below the furface of 
the ground, againft which the impetus of the 
lightning is directed, and at that place the light. 
ning would certaitily arrive, though none of the 
above-mentioned objects had been interpofed. 
«© When the atmofphere begins to be electri- 
fied, either negatively or pofitively, the earth, 
by means of the inequality and moifture of jt’s 
furface, but efpecially by the vegetables which 
grow upon it, abforbs that electricity, and 
quickly becomes electrified in the fame man- 
ner with the atmofpHere; this abforption, how- 
ever, ccafes ina very fhort time, becaufe it can- 
rot be continued without fetting im motion the 
whole of the electric matter contained in the 
earth itfelf. Alternate zones of pofitive and 
nepative electricity. will then begin to take place 
Below the furface of the earth, for reafons given 
inthe courfe of this Effay. Between the at= 
mofphere and one’ of thefe zones the ftroke of 
lightning will always be. Thus, fuppofing the 
atmofphere is pofitively electrified, the furface 
of the earth will, by means of trees, &c. quickly 
become pofitively electrified alfo, we will fup- 
nett pofe 


\ 
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pofe to the depth. of ten feet : the electricity 

‘cannot penetrate further, on account of the re- 
fiftance of the electric matter in the bowels of 

the earth. At the depth of ten feet from the 
furface, a zone of negatively electrified earth 

begins, and to this zone the electricity of the at~ 

mofphere is attracted ; but to this it cannot get, 

without breaking through the pofitively elec- 
trified zone, which lies uppermoft, and: that- 

tering to pieces every bad conductor which lies 

in it’s way. We are therefore fure, that in 

whatever place the outer zone of pofitively elec- 

trified earth is thinneft, there the lightning: will 

ftrike, whether a conductor happens to be pre- 

fent or not. Ifthere is a conductor, either with 
a knob or fharp: pointed, the lightning will in. 

fallibly ftrike it: but it. would: alfo have: ftruck 

a houfe fituated on that fpot without any con- 
ductor; and if the houfe had not been there, 

it would have ftruck the furface of the:ground 

itfelf. Again, if we fuppofe the houfe with it’s 

conductor to ftand: on a part of the earth where 
. ‘she pofitively electrified zone is very thick, the 
~ conductor will neither filently draw off the.elec- 
tricity, nor will the lightning ftrike it; though, 
perhaps, it may ftrike a much lower object, or 
even the furface of the ground itfelf at no great 
diftance; the reafon for which undoubtedly is, 
: that 
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that there the pofitively:electrified zone is thins 
ner than where the conductor was.. 

“ To fuppofe that a pointed conductor i 
exhauft a thunder cloud of it’s electricity, muft 
at firft fight appear trifling, to infift on it, ridi- 
culous. Innumerable objects are all confpiring 
to draw off the electricity as well as the con- 
ductor, if it could be drawn off; but of effecting 
this, there is an impofhibility, becaufe they have 
the fame kind: of electricity with the. clouds 
themfelves, en | 

“¢ Befides, Beccaria i oo Gates that. redial 
the progrefs and increafe of the ftorm, though 
the lightning frequently {truck to the earth, yet 
the fame cloud was the next moment ready to 
make a greater difcharge, and his apparatus 
continued to be as much affected_as ever. 3 
The conductor has not even the power of 
attvadiing the lightning a few’ feet out .of the 
direction it would choofe itfelf: of this we have 
a moft decifive inflance in what happened ta the 
magazine at Purfleet, in Effex. That houfe was 
furnifhed with a conductor, raifed above the. 
higheft part of the building; neverthelefs, a 
flafh of lightning ftruck an iron cramp in the | 
corner of the wall of the building, confiderably 7 
lower than the top of the conductor, and only. 
forty-fix feet in a floping line diftant from the 
point. | 


« The 
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_ * The conductor, with all it’s power of draw- 
ing off the electric matter, was neither able to 
prevent the flafh, nor to turn it forty-fix feer 
out of it’s way. © The matter of fat is, light- 
ning was determined to enter the earth at the 
place where the Board~houfe ftands, or near it ; 
the’ conductor, fixed on the houfe, offered the 
eafieft communication, but forty-fix feet of air 
intervening between the point of the conductor 
and the place ofthe explofion, the refiftance was 
lefs through the blunt cramp of iron, and a few 
bricks moiftened with the rain to the fide of the 
metalline conductor, than through the forty-fix 
feet of air to it’s point, for the former was the 
“way in which the lightning actually paffed. 

« The zig-zag kind of lightning is the moft 
dangerous, becaufe it muft overcome a very 
violent refiflance of the ‘atmofphere, and where- 
ever that refiftance is in the fmalleft degree tef- 
fened, there it will undoubtedly ftrike, and even 
‘ata confiderable diftance. It is otherwife with 
that kind that appears in flafhes of no determi- 
‘nate form; the electric matter of which is evi- 
dently diffipated in the air’ by fome conducting 
{ubftances which are prefent there, and they are 
therefore rendered lefs powerful. 

«Phe? moft deftructive kind of iateninag is 
that which affumes the form of balls. ‘Thefe are 

! produced 
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produced by an exceeding great power of eltc- 
tricity, gradually accumulated till the refiftance 
of the atmofphere is no longer able to. confine it: 
In general, the lightning breaks out from the 
electrified cloud by means of the approach of 
fome conducting fubftance; but the fire-balls 
feem to be formed not becaufe there is any fub- 
ftance at hand to attract the ele@ric matter from — 
the cloud, but becaufe the eletricity is. accu- 
mulated in .fuch a quantity that the cloud can 
no longer contain it. Hence, fuch balls fly off 
flowly, and have no particular deftination; their - 
appearance indicates a prodigious commotion 
and accumulation of electricity in the atmo- 
fphere, without a proportionable difpofition in 
the earth to receive it. - This difpofition i is how- 
ever altered by a thoufand circumftances, and 
the place which firft becomes. moft capable of 
admitting electricity will firft receive a fire-ball. 
Hence this kind of lightning has been known 
so move flowly backwards and forwards in the 
air fora confiderable time, and then fuddenly - 
fall in one or more houfes, according to their 
being more or lefs affected with an electricity 
oppofite to that of the ball atthe time.. It-will 
alfo run along the ground, break. into feveral 
il and produce feveral_ex pinlivee at the fame 
e Ir 
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© Ttis very difficult to imitate this kind of 

lightning in our electrical experiments. The 
only cafes in which it hath been done in any de-~ 
gree, are thofe in which Dr. Prieftley made the 
explofion of a battery pafs for a confiderable 
way over the furface of raw flefh, water, &c. In 
thefe cafes, if, while the electric flafh paffed over 
the furfaces of the flefh, it had been poffible to 
interrupt the metallic circuit by taking away the 
chain, the eleétric matter difcharged” would 
have been precifely in the fituation of one of the 
above-mentioned fire-balls; i.e. it would have 
been at a lofs for a conduétor.. The negative 
fide of the battery was the place of it’s defti- 
nation, but to that it could not eafily have got, 
becaufe of the great quantity of atmofphere 
which Jay in it’s way, and the incapacity of the 
- neighbouring bodies to receive it. But, while 
the electric matter was thus flationary for want 
of a conductor, if any one ftanding near, .or 
touching the negative fide of the battery, pre- 
fented a finger to this feemingly inoffenfive lu- 
minous bedy, he would be inftantly ftruck very 
violently, becaufe a free communication being 
now made by means of his body, the powers 
by which the. electric fluid is impelled from one 
place to another would urge it upon him. But 
af we fuppofe a perfon, who has no communica- 

tion 
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tion with the battery, ‘to prefent his finger. té 
the fame body, he may perhaps receive a flight 
{park from it, but not a_ thock of mk confe: 
quence. | ) 4 

© We may now account és the feemingly ca- 
pricious nature of all kinds of lightning, but 
~ efpecially of that kind which appears in the form 
of balls. Sometimes it will ftrike trees, high 
houfes, &c. without touching cottages, men, 
or animals, who are in the neighbourhood ; in 
other inftances, low houfes and cattle have been 
ftruck, while high trees and fteeples in the neigh= 
bourhood have efcaped. * The reafon: of this 
is, that in thunder-ftorms there is a zone of 
earth confiderably under the furface, which the 
lightning defires to ftrike, (if we may ufe the 
expreffion) becaufe it has an ele&ricity oppofite 
to the lightning itfelf. Thofe objects, therefore, 
which form the moft perfect conductors between 
the electrified clouds and that zone of earth, 
will be ftruck by lightning, whether they are | 
high or low. Let us fuppofe a pofitively elec= 
trified cloud is formed over a certain part of 

en | | | gl pees 


* Of this two remarkable inftances have feet adduced, 
in a paper read by Mr. Achard at the Berlin Academy of 
Sciences, And Beccaria cautions perfons from depending 
on 2 higher, or, in all cafes, a better cenduétor than their © 
own body, 
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the earth’s furface; the ele@tric matter flows 
out from it firft into the atmofphere all around, 
and while it is doing fo, the atmofphere is elec 
trified negatively. In proportion, however, as 
the current pervades greater :and greater por-~ 
tions of the atmofpherical fpace, the refiflance 
to it’s motion increafes, till at laft the air be. 
comes pofitively electrified as well as the cloud, 
and they both:act' as one body. The ‘furface of 
the earth then begins to be electrified, .and it 
filently receives the electric matter by means of 
the trees, grafs, &c. which grow upon it’s fur- 
face, till at laft it becomes alfo pofitively elec- 
trified, and begins to. fend off a current of élec- 
tricity from the furface downwards. 

« The caufes which firft produced.the iio. 
tricity ftill continuing to aét, ‘the power of :the 
electric current becomes inconceivably great, 
The danger of the thunder-ftorm now begins : 
for, as the force ofthe lightning is directed to 
fome place below the furface of the earth, it will 
certainly dart towards that place, and hatter 
every thing to pieces which refifts it’s pafiage. . 

*° The benefit of conducting rods will now 
alfo be evident. For we are fure, the electric. 
matter will, in all cafes, prefer that way where 
it meets with the leaft refiftance, and this is over 
the furface of metals, In fuch a cafe, therefore, 

Aa if 
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if there happen to be a houfe furnifhed with a 
conductor directly below the cloud, and at the 
fame time a zone of negatively electrified earth 
not very far below the foundation of the houfe, 
the conductor will almoft certainly be ftruck, 
but the building will be fafe. If the houte wants 
a conductor, the lightning will neverthelefs 
ftrike in the fame place, in order to get at the 
‘electrified zone above-mentioned ; but the build- 
ing will be now damaged, becaufe the materials 
of it cannot readily conta the electric fluid.’’* 


‘dai Sce agen ial Britannica, Art. Lightning, Val 
* PR» 4224. 

See the ele€tric matter, a forms and arimates the 
thunder-clouds, iflues from places: far below the furface of 
the earth,-and buries itfelf there, is probable from the deep 
holes that have been made in many places by lightning, by 
the violent inundations that have accompanied thunder- 
{fLorms, not occafioned by rain, but by water burfting from 
the bowels of the earth, from which it muft have been dif- 
lodged by fome internal concuffion, KC, onie See! Dt. 
PrieRley’s Hiftory of Ele@tricity, p. 328, 


CHA P. 
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CHAP. XV. 
To cHarce a PLate oF Ar. 


Pe air is an eleGric, it will receive a charge 
A © like all other electric fubftances. To this 
property may be afcribed many of the pheno- 
mena which are obferved in the courfe of the 
coimrhon electrical experiments; for the air 
which furrounds an electrified non-electric is 
always in fome degree charged with the -fluid, 
ind thus acts upon the atmofphere of the elec-' 
trified conductor, not only by it’s prefluré, but 
alfo by it’s acquired electric powers; and that 
it pervades the air to a confiderable diftance, is 
evident from the different methods by which 
_ the air of a room may be electtified. 

Cover two large boards with tin-foil ; fufpend 
one by filk ftrings from the ceiling, and then 
connect it with the conductor ; place the other 
board parallel to the former, on an infulating 
ftand that may be eafily raifed or lowered, to re- 
culate the diftancé of the plates from each other: 
Or place the boards in a’ vertical fituation; oh 
infulating ftands of the fame height. In moft 
a this form will be found the moft con- 

Aa2 venient, 
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venient. Thefe boards may be confidered as 
the coatings to the plate of air which is between: 
them. | 

EXPERIMENT ccrx.— Connect the. upper 
board with the pofitive conductor, and the other 
with the ground ;. turn the cylinder, and the 
upper ‘one will be electrified pofitively, and the 
under one negatively; the fpace of air between 
the two plates acts as a plate. of glafs, it feparates 
and keeps. afunder the two eleétric powers. 
Touch the negative plate with one hand, and 
the upper one with the other, anda fhock will 
be received fimilar to that from the Leyden 
phial. 

The electric fhock will always be felt when- 
ever a quantity of the fluid paffes through any 
body in an inftantaneous manner, and the force 
of the fhock will be proportional to the quan-_ 
? tity of electricity accumulated, and the eafe with 
which it can efcape ; for the whole energy of the 
electricity depends on it’s tenfion, or the force 
with which it endeavours to fly off from. the. 
ele€trified body. ; 

The.two plates, when in contrary ftates, 
ftrongly attract each other, and will come to- 
gether, if they are.not kept afunder by force. 
A fpark will fometimes pafs between the plates, 


and deftroy the electricity of each. If an emi- 
nence 
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nence is placed on the under. plate, the fpark, 
in the fpontaneous difcharge, will ftrike it. 
The experiments wieh thefe boards will be more 
pleafing, if one furface of the upper board. is.co- 
vered with gilt leather. The two plates, when 
charged, are fuppofed to reprefent the ftate of 
the earth and the clouds in a thunder-ftorm ; 
the clouds being in one ftate, and the earth in 
an oppofite one, whilc the plate of air acts as the 
electric, and the {pontaneous difcharges exhibit 
the phenomena of lightning. 

An obfervation has been made on this « expe- 
riment, which feems to affect one of the prin- 
cipal fupports of the received theory. I have 
fubjoined it, in order to invite thofe who are 
converfant with electricity toa clofer inveltiga~ 
tion of the fubject. 

_ In this experiment it feems impoffible to a 
ny, that air is penetrated by the electric fluid. 
The diftance between the plates is fo {mall, that 

: it muft appear abfurd to fay, that this {pace 
is penetrated only by a repulfive power, when 
in other cafes we fee the fluid pervading. much 
greater {paces of air. But if one electric fub- 
ftance is penetrable by the electric fluid, we muft 
be led ftrongly to fufpect at leaft that all the 
reft are fotoo. If glafs was altogether impene- 
trable to the fluid, it is natural to think-that it 

Aa 3 would 
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would run over it’s furface very eafily. But ins 
ftead of this, fo great is it’s propenfity to enter, 
that a fhock fent through between two glafs 
plates, if they are preffed pretty clofe together, 
always breaks them to pieces, and even reduces 
part of them toa powder like fand. This. laft 
effect cannot be attributed to any other than the 
electric fluid entering the pores of the glafs, and 
mecting with refiftance, the i impetus of it’s pro- 
greflive motion violently forces the vitreous pay 
ticles afunder in all directions. 

Exprrimmnr ccx.—Turn that fide of the 
"upper board, on which the gilt leather i is pafted, 
towards the lower one; place one or two fmall 
metal hemifpheres on the lower board; connect 
the upper board with the pofitive conductor, and 
the lower one with that which is negative, put 
the machine in action, and the upper board will 


difcharge the whole of it’s contents on one of , 


the hemifpheres in a ftrong flafh, attended with 
a fmart explofion ; vivid corufcations of electric. 
light will be feen darting in various directions 
on the furface of the gilt leather. ‘This éxperi- 
ment, fays Mr. Becket, is more than a refem- 
blance of lightning, it is nature invefted with 

her own attire. 
Connect a coated phial with the pofitive con- 
sia fo that it sah be difcharged with the 
boards, 
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fooards, and the flafhes of light will extend far- 
ther, and the explofion willbe louder. . » 
Experiment ccexr.—Place the wire, fig. 10, 
with the feathers tied to it in the middle of one 
of thefe large boards, their divergence will not 
be near fo much in this fituation, as when they - 
are at the edgeof the board. Ifa piece of down 
or a feather is placed near the edge of the board, 
it will fly off to the neareft non-electrified body; 

but, if it is placed in the middle, it will be a 
confiderable time before it will move, and it 
will fearcely thew any figns of attraction. 

_ Experiment cexi,-—Place bran, or fmall 
pieces of paper, near the center of the lower 
board; when the machine is put in action, thefe 
will be alternately attracted and repelled with 
great rapidity, and agitated in an amazing man- 
ner. A pleafing variation is made in this ex~ 
periment by taking off the chain from the lower 
board, and now and then touching it with the 
hand; touch both boards at the fame time, and 
the motion ceafes. But the moft furprizing ap- 
pearance in this experiment is, that fometimes, 
when the electricity is {trong, a quantity of pa- 
per or bran will accumulate in one place, and 
form a kind of column between the boards, it 
will fuddenly acquire a {wift horizontal motion, 
moving Ike a whirling pillar to the edge of the 

Aaa | boards, 
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boards, and from thence fly off, and be fcattered 
about the room to a confiderable diftance, 
ExpERIMENT ccxi11.—Take two phials, the 
one charged pofitively, the other negatively, 
_ place them on the infulated board, but as far 
from each other as the board will permit; infert 
a range of candles in a piece of wood, about two 
inches diftance from each other, fo that the 
flame of each may be exactly parallel; when 
thefe candles are quickly introduced between 
the knobs of the phials, the fpark will be feen 
to dart through all of them, and will have the 
appearance of a line of fire, variegated in a ghous | 
fand different curves. 
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Or THE ELecTRoPHoRus, AND Mr. Bennet’s 
EXPERIMENTS THEREWITH, 


IG. 73 reprefents an eanadtieled This 
inftrument was invented by Mr. Volta, of 
Coma in Italy.* It confifts of two plates of 
a circular form, the under plate is of brafs co- 
vered over with a ftratum of an electrical fub- 
ftance, generally of fome negative electric, as 
wax, fulphur, &c. the upper plate is of brafs, 
with a glafs handle {crewed on the center of i a s 

upper furface. 

Refinous ele&trics generally fucceed better for 
an electrophorus, than thofe made only of glafs, 
not only as they are lefs affected by the humi- 
dity of the air, but as they feem to have the 
power of retaining longer the electricity which | 
is communicated to them. : 

To ufe this apparatus, firft excite the under 
plate, by rubbing it’s coated fide with a piece 
of clean dry flannel, or hare-fkin; when this 

plate 


* Mr. Wilck, in Auguft, 1762, contrived a refinous 
apparatus, to which he gave the name of a perpetual elec- 
trophorus, See Scripta Academia Succ. 1762, 
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plate is well excited, it is to be laid on the table 
with the electric uppermoft.. Secondly, place 
the metal plate upon the electric, as in fig. 74. 
and 75. Thirdly, touch the metal plate with 
_ the finger, or any other-conductor. Fourthly, 
feparate the metal plate from the electric by the 
glafs handle. This plate, when raifed to fome 
diftance from the under one, will be found 
Mrongly electrified with the power w hich is con- 
trary to that of the electric plate, and will give 
a {park to any conductor that is brought near 
it. _ By repeating this operation, i. e. by fetting 
the metal plate on the electric, and then touch. 
ing it with the finger, a great number of {parks 
may be fucceffiveiy obtained without a frefh ex- 
citation of the electric. 
_ .ExpERIMENT ccxiv.—By examining the elec- 
trophorus with fmall pith balls, we find, 
1. That as foon as the upper plate is placed 
‘on an electrophorus of wax, it acquires a weak 
pofitive electricity; and the contrary, if Sai 
on an electrophorus of glafs. ? 
2. That when the upper plate is touched by 
the finger, it lofes all it’s electricity. 
3. When the upper plate is touched by the 
finger, and removed from the electrophorus, it 
acquires a ftrong negative electricity, if the elec- 
trophorus is of glafs; and a pofitive electricity, 
if it is of wax. 


The 
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“The eleétrophorus may be confidered as 
formed of feveral horizontal {trata ; fo that when 
the upper one is excited, either by friction or 
communication, it is infulated by the inferiog 
ftrata. Now all infulated electrics preferve their 
electricity a confiderable time, and it is from 
that caufe that the electricity of the electropho- 
rus continues fo long. 

Infulated and excited glafs induces the nega- 
tive eleGricity on bodies brought within the 
fphere of it’s action, while negative electrics, in 
fimilar circumftances, produce the pofitive elec 
tricity. Therefore the furface of the electro- 
phorus ought to communicate immediately a 
pofitive electricity, ifit is of wax; the negative, 
if it is made of glafs; which is perfectly con- 
formable to experiments. But when the upper 
plate is touched by the finger, the upper furface 
ef the electrophorus ceafes to: be infulated, and 
gives the negative electricity to the upper plate, 
af it ‘is of glafs, and the contrary, if of wax, 
agreeable to the different experiments w hich 
are defcribed in this Effay. 

Electric bodies do not put the fluid in that 
degree of motion, which is neceffary to produce 
the fpark, or exhibit the pha:nomena of attrac 
‘tion and repulfion, while they are in contact with 
onduéling fubftances, which is the. reafon. why 

the 
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the upper plate exhibits no figns of electricity 
while it remains in contact with the under. one, 
though they become fenfible the inftant it is re- 
moved from it. sey 
«© In the cafe of a glafs ele&trophorus (as it is 
a cafe which admits of a fomewhat eafier illuf- 
tration,) the excited plate acts upon the electric 
matter naturally contained in the upper brafs 
plate, fo as to repel a part of it’s natural quan- 
tity from it in form of a fpark, at that part 
where the finger is applied to it. If the brafs 
plate in this ftate is lifted up by it’s handle, it 
will receive a {park from the finger. On being 
teplaced, and the fame operation taking place, 
the fame refult will be obtained; which may 
be continued for a great length of time, with- 
out diminifhing the virtue of the excited elec- 
tric, which in fact does not part with any of it’s 
own electricity, but only repels a part of what 
is in the upper plate, which is repeatedly re- 
ftored to it from the earth by the perfon who 
makes the experiment.” Aa 
ExprerIMENT ccxv.—Place a piece of metal 
_ on an excited electrophorus, it may be of any 
fhape; apair of triangular compaffes are very 
convenient for this purpofe. Electrify the piece 
of metal with the power which is contrary tothat 
of the electropherus,and then remove it by means 


of 
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‘of fome electric, and afterwards fift upon the 
electrophorus fome finely powdered refin, which 
will form on it’s furface curious radiated figures. 
When the plate is negative, and the picce of 
metal pofitive, the powder forms itfelf princi- 
pally about thofe parts where the metal was 
placed ; but if the plate is pofitive, and the fpark © 
is negative, the part where the metal touched 
will be free from powder, and the other parts 
more covered. 

EXPERIMENT CCXVI.—To recover the Sorce of aw 
eleffrophorus by it/elf. Place the metallic cover 
on the refinous cake, touch it as ufual; then 
take it up, and difcharge it on the knob of a 
Leyden phial; repeat this operation feveral 
times, and then place the bottle on the cake, 
and move it over it’s furface, holding the bottle 
by the knob; this will augment the force of the 
eleGtrophorus, and by reiterating the operation 
it will: become very powerful, 

ExperiMenT ccxvii.—Infulate 3 metal quart 
mug, and fufpend.a pair of {mall pith balls by 
filk, fo that the whole of the electrometer may 
be within the mug, electrify the mug, and the 
electrometer will not be in the leaft affected. 
The fimilar atmofpheres counteratt each other ; 
and as no contrary power can take place in the 


electrometer, | it will remain unelectrified. Touch 
the 
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the mug with fome conduéting fubflance, and if. 
will immediately attract the balls. 

EXPERIMENT CCXVIII.— Sufpend a fmall cylins 
der of gilt paper by tin-foil, and then touch the 
electrified and infulated mug with it, a {park 
will pafs between them, and the electricity 
will be diffufed in each in proportion to theit 

capacity, Now plunge the infulated cylinder 
to the bottom of the mug, and it will reftore to 
it the ele@ricity it had received, but does not 
give the leaft fign of electricity when taken out. 

ExpeRIMENT ccxix.— Conneét a. pair of 
pith balls with an infulated metal veffel, 
which a metal chain is placed, raife the Hate 


by means of a filk thread, and the divergence. of 
the balls will diminith in proportion as the chain 
is raifed and difplayed; fhewing, that the elec- 
tricity is rarified, and it’s denfity is diminifhed, 
in proportion as it {preads itfelf from the fur- 
face of the veffel on the extended chain; which 
is confirmed by the balls diverging again when 
the chain is let down into the veffel. This ex- 
_ periment affords an eafy folution for many of 
the phenomena of atmofpheric electricity, as 
why the vapour of electrified water gives fuch. 
{mall figns of electricity, and why the electricity 
of a cloud is increafed by being compreffed o: or 
condenfed. 


~~ Ex pert- 
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_ EXPERIMENT ccxx.—Excite a flip, of white 
flannel, or a filk ribbon, and take as many {parks 
from it as it will give; then double or roll it 
up, and the contradied flannel will be ftrongly 
electrical, give {parks, and throw out brufhes of 
light. 


New Experiments with M, Lacutensure’s large 
Eleérophorus, by the Rev. Mr. Bennet; and 
extracted from his Work, entitled, * New Ex pe- 
riments or wi tilapia x 


The following experiments are intended as 
improvements on M. Lichtenburg’s beautiful 
configuration; firft made on a refinous elec- 
trophorus, by drawing over it the knob of a 
charged phial, and then rendered vifible by 
fifting powdered rofin over the plate ; which 
falling very differently, according to the cir- 
cumftances in which the experiment is made, 
«| exhibits the diffufion of electricity in a very 
pleafing manner ; fee fig. ror and 102, pl. V. 

Mr. Bennet’s firft electrophorus was a glafs 
plate fifteen inches {quare, covered on one fide 
with a thin refinous black coating, with tin-foil 
pafted on the other fide; for, if the fide oppo- 
{ite to the refinous one be not a “conductor, the 
electrical fluid will not be eafily diffufed over 


it. Glafs was ufed that the electricity might 
not 
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not be fo liable to pafs through the fmall holes 
and bliftered places, which cannot well be 
avoided if the refinous fubftance be thinly 
{pread upon wood or metal, 

As powdered rofin projected from a brufh is 
negatively clectrified, there appeared no doubt 
but that chalk and other powders, which, by the. 
fame means, are negatively electrified, would 
anfwer as well or better; fuch powders were 
therefored tried, and found to fucceed remark- 
ably well. 

EXPERIMENT ccxxI.—The plate was cee 
pended by a loop againft a wall, that the groffer 
part of the powder might fall to the ground, © 
and no more adhere to the plate than was at- 
tracted by the electricity diffufed thereon. A 
{mall phial was charged very weakly by one re- 
volution of the electrical machine, and after it’s 
knob had been drawn over the refinous plate, 
a cloud of chalk was projeéted by rubbing the 
lump upon a brufh near the electrified furface of 
the plate ; this produced.a plain white line with- 
out any ramifications. 

ExprERIMENT ecxx11.—When the phial was 
charged by three revolutions of the machine, 
ramifications appeard upon the plate at a con- 
fiderable diftance from each other. 

EXPERIMENT CGXXIII,—Five or 1 lone 

tions 
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tions caufed the electrical fluid to fpread upon 
the plate in ramifications very near each other. 
‘ Clofe to each branch a fmall fpace was left un- 
covered with powder, forming a kind of fhade 
to the figure. Beyond this fhade the powder 
lay {mooth, foftening off externally.. 

EXPERIMENT CCxxIV.~-With a very ftrong 
charge the ramifications were clofe and broad, 
refembling white feathers with a very broad 
fhade. 

EXPERIMENT CCXxv.—A Circular brafs plate 
with an infulating handle was placed upon the 
refinous plate, and a {park trom the charged 
bottle was communicated to the brafs plate 
which was then taken off by it’s infulating han- 
-dle, and chalk projected, which produced a 
very reguiar circle of ramifications about four 
inches long, proceeding from the circumference 
of the fpace covered by the brafs plate, and 
within the circle were a number of irregular 
figures fomewhat like ftars. A fhock made to 
pafs through the fame plate generally produced 
more diftinét ramifications, and fometimes 
‘without any ftars within the circle; and if the 
brafs plate was drawn along towards the edge of 
' the electrophorus whilft touched with the knob 
of the phial, a very beautiful figure, fee fig. 
101, ag V. was produced, - | 

Bb Rusueh ENT 
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: Experiment ccxxvi.—A phial ftrongly and 
negatively charged was drawn over the plate, 
and afterwards a pointed wire, held in the hand 
only, was drawn over the fame figure; then 
chalk was projected, which produced a beauti- 
ful ramified.figure in the middle of the nega~ 
tive one. 

_ EXpreRIMENT CCXXVII. ar conical tin funnel 
was placed with it’s bafe on the middle of the 
refinous plate, and a negative ftrong charge - 
given by connecting the difcharging-rod with 
the under fide of the plate; then a pofitive 
charge was given in the fame manner, the fun- » 
nel was thrown off and chalk projected, which - 


produced very beautiful ramifications both with- 


in and on the outfide of the circle. 
SEXxPERIMENT ccxxvilI.—A knob of Peedi 
about an inch in diameter, was placed upon the 
wire of a phial which was charged highly pofi- . 
tive, and the knob drawn over the plate fo as to 


touch the furface; this produced a beautiful 


figure, the middle of which was {moothly: co- 
vered with chalk, and the fides faulty ramified - 


— with. fhades. 


4 


-EXPERIMENT CCXXIX.—A fmall ureict et 
infulated, and it’s flame placed about an inch 
diftant from the middle of the refinous plate ; 
then.the knob of a pofitively charged phial was 
fuddenly 


a 
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fuddenly brought to the flame, and both the 
flame and phial inftantly taken away again. In 
this experiment, when the chalk was projected, 
a circular fpace, about four inches in diameter, 
was clean and free from powder ; the reft of the 
plate was covered, except a. great number of 
fmall circular or elliptical fpots, which fhews 
that the electrical fluid paffed to the plate in de- 
tached balls, like fome atmofpheric meteors ; or 
the plate abforbed from the air a contrary ftate 
of electricity, which produced this appearance. 

ExprxIMENT ccxxx.—If a pofitive figure be 
firft drawn, and then a negative one acrofsit, or 
vice verfa, when the powder is projected, it 1s ealy 
to diftinguifh which was firft drawn, the fecond 
appearing to cover the firft ; and when the pofi- 
tive figure’ is made laft, the ramifications at the” 
-place of junction extend farther than the reft, 
and are left without powder; but if both the 
{trokes are pofitive or negative, the firft will ap- 
pear to cover the fecond. 

ExPeRiMENT ccxxxI.—If powders of differs 
ent colours are mixed, and proje€led over the 
figures, fome of the colours will prevail on the 
middle and fome on the outfide, and efpecially 
if two figures whofe electrscity is contrary are 
made on the fame plate; and moft of all when 
both the electrical {tates of the figures and pow- 

Bb 2 | ders 
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ders aré contrary: for example, if minium, 
- whofe electricity is ftrongly pofitive, and ful- 
- phur, very ftrongly negative, be powdered to- 
-gether, and then this mixed powder put into 
the bellows, and blown upon the contrarily 
-. electrified figures, the powders feparate, and the 
fulphur falls upon the pofitive figure and the 


--minium on the negative: this produces a very 
| eae effect.. 


CHAP. 
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SORE ACP XAVIER 
Or Mr. Vorra’s CONDENSING PLaTEs, OR OF 
THE ADVANTAGES WHICH MAY BE DERIVED 
FROM AN IMPERFECT INSULATION, AND OF 
_ RENDERING VERY SENSIBLE VERY SMALL DeE- 
GreEs OF Natura anD ArtiriciaL Execs 
TRICITY.* 


A Conductor, properly conftructed for mak. 
ing obfervations on atmofpherical eletri- 
city, feldom affects the moft fenfible electrometer 
when the fky is free from electrical clouds ; but 
by means of the apparatus now to be defcribed, 
it will appear, that thefe conductors are always 
electrical, and confequentiy the air which fur- 
rounds them muft be at all times electrified. 
This method not only determines the exiftence, 
but alfo the quality of the electricity, whether 
pofitive or negative, and that, even when the © 
conductor will not attract the fineft thread; but 
if a very fmall attraction is vifible in the con- 
ductor, then the apparatus will give long fparks. 
The electrophorus ufed for this purpofe may 

with propriety be termed a micro-electrometer, 
er condenfer of electricity. i 
yA Bont. When. 


* Phil, Tranf. 
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Whenever the atmofpherical conductor gives 
fufficient figns of electricity, then the condenfing 
apparatus becomes ufelefs. For when the elec- 
tricity is ftrong, it often happens that part of the 
electricity of the metal plate is impreffed upon 
the other, in which cafe the apparatus acts as an 
electrophorus, and becomes unfit for our pur- 
‘pote. | | 

The apparatus adapted for this durpese con- 
fifts of the upper plate of an clectrophorus, and 
a femi-ele@ric, or an imperfect conduding 
plane, which will only hinder in a certain de- 
_ gree the paflage of the fluid. Many conductors 
of this kind may be formed; fuch as a clean 
dry marble flab, ‘a plate of wood, covered with 
a coat of varnifh, &c. the furface of thofe bodies 
‘not contracting electricity, or if any fhould ad- 
here to them, it foon vanifhes, on account of 
their femi-conducting nature; for which reafon 
they cannot anfwer the end of an electrophorus, 
but are fit to be ufed as conden ts: of electri- | 
city. 

Care fhould be taken however in choofing 
' this plane, that i it be not of too free a conduct- 
“ing nature, nor likely to become fo by ufe, it 
being abfolutely neceffary that the elericity 
fhould find a confiderable refiftancé in pervad- 
ing it’s furface. In ag fuch a plane, by 

drying, 
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drying, or otherwife, it is much better to come 
too near than too far froma non-conductor. A 
marble flab, or board, properly dried, anfwers 
well, and. is preferable to: any other plane; 
otherwife the plate of the electrophorus is ee 
ferable to all bodies unprepared. ’ 

The worft fort of marble, if coated with copal, 
amber, or Jac-varnifh, and then kept in an oven 
for a fhort time, will anfwer very well, even 
without previoufly warming for the experiment. 

This, in fact, it may be faid, is returning to 
the electrophorus.: as marble, wood, &c.: var= 
nifhed, if they are: hot, may be excited by avery: 
flight friction, and fometimes by only laying the 
metal, plate on them; to: prevent. Pima einid 

fhould be ufed without warming. fut 

The advantages plates of this kind bed over 
shi common electrophorus are, 1.. That the 
varnifh is always thinner than the commen refi- 
nous ftratum of an electrophorus; and 2. That 
the varnith acquires a {moother and plainer fur-, 
face: hence the metal plate can with more. ad- 
vantage be adapted to it. | 

Any fort of plane, covered with pe ahd: ste 
oil-cloth, or oiled-filk, or fattin, and any other 
filk fluff that is not very thick, may be ufed with 
equal advantage, if it is flightly warmed. Silk 
ftuffs anfwer better for this purpofe than. thofe 

Bb 4. made. 
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made of cotton or wool; and both better than 
linen. Paper, leather, wood, ivory, bone, and 
_ every other fort of imperfect conductors, may be 
made to anfwer to a certain degree, if they are 
“previoufly dried, and iui hot during the wai 
riment. | 

‘This apparatus is rendered more rine by 
applying the filk, &c. to the upper plate of 
metal, which is fixed to the glafs handle, inftead _ 
of the marble or other plate, which now becomes 
_ ufelefs; for in it’s ftead, a plane of any kind 
may be ufed, as a common wooden or marble 
table,:even not very dry; apiece of metal, a 
book, or any other condu@tor with a flat furface, 

. Nothing more is requifite in thefe experi- 
ments, than that the electricity, which tends’to 
pafs from one furface to the other, fhould meet 
with fome refiftance or eppedeees in one of the 
Surfaces. . 

It is immaterial whether the den stonehiaiens : 
or femi-conducting ftratum be laid upon one or 
the other of thofe planes; all that is neceffary 
is, that they fhould coincide together, which 
renders it proper to ufe two planes that. have 
been ground together, and one of them var- 
nifhed. A fingle metal plate, covered with filk, 
with three filk ftrings faftened to it by way of 
handle, may be conveniently ufed for ordinary 


experiments, : 
To 


é 
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To ufe the apspinicariidy the upper metal. plate 
muft be placed upon the unclegntiaa rae ond 
in perfect contact with it. 6 ise tes x 

The plates being thus a Me a wire, come | 
municating with the conductor, be brought. to. 
touch the metal plate of me ele€trophorus, and 
that only. 

The apparatus’ being kai in that Sicakion a 
certain time, will acquire a fufficient quantity 
of electricity, but very flowly. 

Remove the communicating wire from the 
metal plate, and, by means of it’s infulated hans 
dle, feparate it from the under one; it will-now 
attract a thread, electrify an electrometer, and, 
if itis ftreng, will give fparks, &c, though the 
 atmofpherical conductor fhewed. no, or only* 
{mall, figns of it. 

dt is not eafy to determine the cing time 
wet tie for this apparatus to remain in contact 
with the conductor, as it will depend on many 
circumftances ; for, if there are no figns of elec 
tricity in the conductor, it will require eight or 
ten minutes, but if it attracts fine thread, as 
many feconds will be found fufficient. 

It is difficult alfo to determine the precife 
degree to which the electricity may be con= 
denfed, or how much the electrical phenomena 


may be increafed ia this apparatus, as it des 
pends 
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pends on various circumftances.. The augmen- 
tation is, however, greater:in proportion as the 
body which fupplies the metal plate has a 
greater capacity, and is larger in proportion as 
the electricity is weaker. .Thus,, though the 
atmofpherical conductor has {carcely power fuffi- 
cient to attract a fine thread, it is neverthelefs 
_capable of giving fuch a quantity of electricity 
to the metal plate of the electrophorus, as not 
only to actuate an. electrometer, but even dart 
ftrong fparks. But if the electricity of the at- 
mofpherical conduétor is ftrong enough to afford 
fparks, or to raife the index of the electrometer 
to.5 or 6 degrees, then the receiving plate of 
the electrophorus, | according to this method, 
will,raife it’s index to the higheft degree and 
_ Bive a ftronger {park; yet it may. be plainly 
perceived, that the condenfation is propor- 
tionably lefs in this than in the other cafe; » for 
this reafon the electricity cannot be accumulated | 
beyond the greatelt. degree; that is to fay, when 
it is increafed fo much as to be diffipated every 
way: therefore, as the electric power, which 
fupplies the condenfer, is neareft to the higheft 
degree, the condenfation is proportionably lefs ; 
but in this cafe the condenfer is ufelefs; it’s 
principal ufe being to collect and render fenfible 
that fmall quantity of electricity, which would 

otherwife . 
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otherwife remain imperceptible and unob. 
ferved. 

Hitherto we have ailaisied our enone to 
é the detecting weak atmofpherical electricity, as 
brought down. by .the conductor; ‘but this, 
though the principal, is not the only ufe to 
which it may be applied. It will likewife dif. 
cover artificial electricity, when it is fo weak as 
~ not to be difcoverable by any other means. 

A Leyden phial charged, and then difcharged 
by touching it’s coated fides with the difcharg- 
ing rod or the hand,. appears to be quite de- 
prived of it’s electricity ; yet if you touch the 
_ knob of it with the metal plate of the conden- 
fer, (fituated upon an imperfect conducting 
plane,) and immediately take up the plate, it 
will be found to give very confpicuous figns of 
electricity. But if juft fufhicient charge is left 
in the phial to attract a fine thread, and the 
metal plate is then brought to touch the knob 
for a moment, it will, when lifted up, give a 
| ftrong fpark, and if touched again, a fecond 
{carce fmaller than the former; and thus fpark 
after fpark may be obtained for a long time. 

This method of producing fparks, by means 
of a phial which is not charged fo high as to 
give {parks of itfelf, is very convenient for va- 
rious pleafing experiments ; as to fire or light 

ye the 
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the inflammable air-piftol, or lamp; efpecially 
when_a perfon is provided with one of thofe 
|" phials contrived by Mr. Cavallo, which, when 
charged, may be carried in the pocket a long © 
time. Thefe phials, as they retain a fenfible 
charge for feveral days, will retain an infenfible 
one for weeks and months; or, fuch a one as 
cannot eafily be difcoveréd without the conden- 
fer, in which cafe it becomes more than fen- 
fible, and fufficient for the experiments of the 
inflammable air-piftol, &c, 

Secondly. If you have an electrical machine 
fo far out of order that it’s conduor will not 
give a fpark, nor attract a thread, then let this — 
conductor touch the metal plate of the conden. 
fx, and continue in that fituation a few mi- 
nutes, (the machine being {till in motion,) lift 
up the metal plate, and you will obtain from it 
a ftrong fpark. | 

Thirdly. If the electrical machine acts well, 
but the conductor is.fo badly infulated that it 
will not give a fpark, either from it’s being con- 
nected with the walls of the room, or by having 
a chain from it to the table, let the condu¢tor in 
this ftate touch the metal plate of the condenfer, 
while the machine is in action, the plate will 
afterwards give fufficient {trong figns of electri- 
city; which proves the great power this appa- 

ratus 
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ratus has of drawing and condenfing the elec. 
tricity. i: 
Fourthly. Where the electrometers are not 
fufficiently fenfible to difcover the quantities of 
excited electricity, thofe quantities may be rea- 
dily explored by the condenfer. For this pur- 
pofe, rub thofe bodies with the metal plate of 
_ the condenfer, which for this purpofe muft be 
naked, and if the plate be then prefented to an 
electrometer, it will be found ‘confiderably elec- 
_trified, although the body rubbed may have ac- 
quired little or no electricity. The quality, 
whether pofitive or negative, may eafily be 
_afcertained, fince the clectricity of the metal 
plate. mutt be the contrary of that body on which 
it was rubbed. Mr. Cavallo made ufe of this 
method to difcover the electricity of many 
bodies. But ftill a better method may be ufed, 
in cafe the bodies to be examined cannot eafily. 
be adapted to the metal plate, viz. The metal 
plate being laid on the imperfect conducting 
' plane, the. body to be tried is rubbed againft, 
or repeatedly ftroaked upon it, which done, the 
‘plate is taken up and examined by an clectro- 
meter. If the body tried is leather, a ftring, 
cloth, velvet, or other imperfect conductor of 
"the like fort, the plate will certainly be found 
, cleétrified, and incomparably more by this 
3 means 
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means than if it were ftroaked by the fame 
bodies, whilft ftlanding infulated in the air. In 
fhort, by either of thofe methods you will ob- 
tain electricity from bodies which could hardly 
be expected to give any, even when they are not 
very dry. Indeed, coals and metals excepted, 
every other body will afford fome electricity. 
Electricity may often be obtained by ftroaking 
the plate with the naked hand. 

~The metal plate has a much greater power 
to retain electricity when it lies upon a proper _ 
plane, as mentioned in the foregoing experi< 
ments, than when quite infulated. 

It is eafy to comprehend, that where the ca- 
pacity of holding electricity is greateft, there 
the intenfity of the electricity is proportionably - 
lefs, for it will then require a greater quantity to 
raife it to a given degree of intenfity ; fo that the 
capacity is inverfely as the iutenfity; by which we 
mean, that endeavour, by which the electricity 
of an ele&trified body tends to efcape from all 
‘parts of it ; to which tendency or endeavour, the 
electrical phenomena of attra€tion and repul- 
fion, and efpecially the degree of elevation of 
an electrometer, correfpond. 

That the izfenfity of ele&ricity muft be in- 
verfely proportioned to the capacity of the body 
electrified, will be clearly exemplified by the 


following experiment. 
ExpeERis 
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ExPERIMENT CCXXXII.— Lake two metal rods 
‘of equal diameter, the one a foot, the other five 
feet long; let the firft be electrified till the in- 
dex of the electrometer rifes to 60°, then let it 
touch the other rod; and-in that cafe it is evi- 
dent, that the intenfity of the electricity being 
ditfufed between the two rods, will be dimi- 
nifhed as the capacity is increafed; fo that the 
index of the ele¢trometer, which before was ele- 
vated to 60°, will now fall to 10°, viz. to one — 
fixth of the former intenfity. For the fame 
- yeafon, if the like quantity of electricity was 
communicated to a rod 60 feet long, it’s inten- 
fity would be diminifhed to one degree; and on 
the contrary, if the electricity of the long con- 
ductor was contracted into the 6oth part of that 
capacity, it’s intenfity would be increafed to 60. 
Cenductors of different bulk have not only 
different capacities for holding electricity, but 
alfo the capacity of the fame conduétor is in- 
_ creafed and diminifhed in proportion as it’s fur= 
face is enlarged and contracted ; as is fhewn in 
Dr. Franklin’s experiment of the can and chain, 
&c.. from which it has been concluded, that the 
capaeity of conductors is in proportion to their 

furface, and not to their quantity of matter. 
This cenclufion is true, but does not corn- 
prehend the whole theory, fince even the exten- 
- fion 
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fion contributes to increafe the capacity. In 
fhort, it appears from all the experiments 
hitherto made, that the capacity of conductors 
is not in proportion: to the furfaces in general, 
but to the furfaces which are free, or uninflu- 
enced by fimilar or homologous atmofpheres ; 
and further, that the capacity of a conductor, 
neither altered in it’s form or furface, is in- 
creafed, when, inftead of remaining quite infu- 
lated, it is prefented to another not infulated ; 
and this increafe is more confpicuous; as the 
- furfaces of the conduétors are larger, and ap- 
‘proach nearer to each other. 

The above-mentioned circumftances, by silt 
the natural capacity of conductors is greatly aug- 
‘mented, has been overlooked, and therefore no 
advantage has hitherto been deduced from it: 
‘The following experiment will fhew this in- 

-ereafed capacity in the fimpleft manner. 
- ExperiMent ccxxxi1.—Take the metal plate 
~ pf an electrophorus, hold it by it’s handle in the 
air, and electrify it fo, that the index of an elec- 
- trometer annexed to it may be elevated to 60°, 
then lower the plate by degrees to a table, or 
“other plain conducting furface, the index will 
~ gradually fall from 60°, to 50°, 40°, 30°, 8c. 
aiid yet the quantity of electricity in the’plate 
"remains the fame, except it is brought fo near 
a Cele the 
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the table as to’ occafion a tranfmiffion of the 
electricity from the former to the latter; at leaft, 
it will remain as near the fame, as the dampnefs 
of the air, &c. will permit. The decreafe of 
intenfity is owing to the inereafed capacity of 
the plate, which is now not infulated, or jolitary, 
but conjugate, Or Communicating with another 
conductor: for let) the plate be gradually re- 
moved from the table;: the electrometer will rife 
again to it’s former ftation, namely, to 60°; ex 
cepting the lofs that the air, &c. may have oc- 

‘cafioned during the experiment. | 
The reafon of this phaznomenon is eafily dea 
ved from the action of electric atmofpheres. The 
atmofphere of the metal plate, which for, the 
prefent I fhall fuppofe electrified pofitively, acts 
upon the table, or other-conductor, to which it 
is prefented; fo that the electric fluid.im the table 
retiring to the remoter parts of it, becomes. more 
rare in thofe parts which are expofed to the metal 
plateyand this rarefaction increafes the nearer the 
electrified metal is brought to the table; if the 
metal plate is electrified negatively, the contrary 
effects rake place. In fhort, the parts which are 
immerfed in the {phere of action of the electri- 
‘fied plate, by contracting a contrary electricity, 
give the electricity of the metal plate an oppor- 
tunity to expand itfelf, and will’ thus dinmnifh 
cre | iy 
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it’s intenfity, as is fhewn by the depreflion of 
the electrometer. | | 
-. The two following. citiedlenelnts will tinsoar 
‘more light upon the reciphocal action. oh the 
electric atmofpheres. | 
-EXprerIMENT ccxxxiv. — Eleétrify two Flat 
conductors, either both pofitively or negatively, 
then bring them gradually towards each other, 
and: it will appear, by two annexed clectrome- 
‘ters, that the nearer they approach each other, 
tthe more their denfities will increafe, ‘as abl 
elaftic bodies re-act in proportion as they are 
acted on; which fhews, that either of the two 
“conjugate powers has a much lefs capacity to re- 
ceive more fluid now, than when fingly infula- 
ted, and out of the influence of the other. 


This experiment explains, why the tenfion of 
the electric atmofphere on an eleétrified con- 
ductor is greater when it is contracted into a 
fmaller bulk; and alfo, why a long extended 
conductor will fhew lefs intenfity than a more 
compact one, fuppofing their quantity of fur- 
face and electricity to be the fame; becaufe the 
homologous atmofpheres of their parts interfere 
lefs with each other in the former than in the 
latter cafe, and of courfe, as their action is.lefs, 
the re-action is alfo lefs, 


~ 
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EXPERIMENT ccxxxv.—Llectrify one of thefe 
flat conductors pofitively, the other negatively, 
and the effects will then be juft the reverfe of 
the preceding, viz. the intenfity of their eleétri- 
cities w ill be diminithed, becaufe their capaci- 
ties, or their power and facility of expanding, 
are increafed the nearer the conductors come to 

each other. — : 
Apply the explanation of this laft experiment 
to that mentioned before, viz. the bringing the 
electrified metal plate towards a conducting 
plane, which is not infulated ; for, as this plane 
acquires a contrary electricity, it follows, that 
the. intenfity of electricity in the metal plate 
muft be diminifhed, and the annexed electro- 
meter is depreffed according as the capacity of 
the plate is increafed, or as the denfity of it’s 
atmofphere is diminifhed ; and confequently the 
plate in that fituation is capable of receiving a 
greater quantity of electricity. 

This will be rendered flill clearer by the fol- 
Jowing experiment. 

EXPERIMENT CCxxXVI.—-Infulate the conduc- 
ting plane whilft the other clectrified plate is 
upon it, and afterwards feparating them, both 
the metal plate and conducting plane, which 
may be called the inferior plane, will be found 

| Ce 2 electrified, 
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electrified, but poffeffed of contrary clectricities, 
as may be afcertained by electrometers. 

If the inferior plane is infulated firft, and 
then the electrified plate is brought over it, the 
latter will caufe an endeavour in the former to 
acquire a contrary electricity, which the infula- 
tion prevents from taking place; hence the in- 
tenfity of the electricity " the plate is not dimi- 
nifhed, at leaft the electrometer will fhew a very 
little, and almoft imperceptible depreffion, which 
{mall depreffion is owing to the imperfection of 
the infulation of the inferior plane, and to the 
{mall rarefaction and condenfation of the ele@ric 
fluid, which may take place in different parts 
of the faid inferior plane. But if, in this fitua- 
tion, the inferior plane be touched fo as to cut 
off the infulation for a moment, then it will ac— 
quire the contrary electricity, and the intenfity 
in the metal plate will be diminifhed. 

If the inferior plate, inftead of being infu- 
lated, were itfelf a non- conducting fubftance, 
then the fame phenomena would happen, viz. 
the intenfity of the electrified metal plate laid 
) upon it would not be diminifhed. This, how- 
ever, is not always the cafe, for if the faid in- 
ferior non-conducting plane is very thin, and is 
laid upon a conduétor, then the intenfity of the 
electrified metal plate will be diminithed, and 

2 it’s 
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it’s. capacity will be increafed by being laid upon 
the thin infulating ftratum: as in that cafe, the 
conducting fubftance, which ftands under the 
non-conducting ftratum, acquiring an electricity 
contrary to that of the metal plate, will diminifh 
it’s intenfity, &c. and then the infulating ftra- 
tum will only diminith the mutual ation of the 
two atmofpheres more or lefs, according as it 
keeps them at greater or fmaller diftances from 

each other. __ | 
The intenfity or electric action of the metal. 
plate, which diminifhes graduaily as it is brought 
nearer and nearer to a conducting plane not in- 
fulated, becomes almoft nothing when the plate 
is nearly in contact with the plane, the compen- 
fation or natural ballance being nearly perfect. 
Hence, if the inferior plane only oppofes a {mall 
_ refiftance to the paflage of the electricity, (whe- 
ther fuch refiftance is occafioned by a thin elec- 
tric ftratum, or by the plane’s imperfect con- 
ducting nature, as is the cafe with dry wood, 
marble, &c.) that refiftance, joined to the inter- 
val, however fmall, that is between the two 
plates, cannot be overcome by the weak intenfity 
of the electricity of the metal plate, which on that 
account will not dart any fpark to the inferior 
plane, (except it’s electricity were very powerful, 
or it’s edges not well rounded,) and will rather 
args ks “retain 
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retain it’s eleftricity ; fo that being removed from 
the inferior plane, it’s electrometer will nearly re- 
cover it’s former height. Befides, the electrified 
plate may even come to touch the imperfectly con~ 
ducting plane, and may remain in that fituation for 
fome time; in which cafe, the intenfity being 
reduced almoft to nothing, the electricity will 
accordingly pafs but flowly to the inferior plane, 
ut the cafe is different, if, in performing this 
experiment, the electrified metal plate touches 
the inferior plane edgewife, for then, it’s intenfity 
being greater than when it is laid flat, as appears 
by the electrometer, the electricity eafily over- 
comes the {mall refiftances, and pafles to the 
inferior plane, even acrofs a thin ftratum, becaufe 
the electricity of one plane is ballanced by that of 
the other, only in proportion to the quantity of 
furface which they oppofe to each other within ° 
a given diftance; fo that when the metal plate 
touches the other plane in flat and ample contact, 
it’s electricity is not diffipated. This apparent 
paradox. 1s clearly explained by the theory of 

electric atmofpheres, | 
It is ftill more like a paradox, that neither 
touching the metal plate with a finger or piece 
of metal will deprive it of all it’s electricity, 
while ftanding upon the proper plane ; fo that 
it genera lly leaves it fo far electrified, that when 
feparated 
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feparated from the plane, it will give a fpark,. 
Indeed this phenomenon could not be explained 
on the fuppofition, that thefinger or metal were 
perfe@t conductors. But, fince we do not know 
of any perfect conductor, the metal or finger op- 
pofe a fufficient refiftance to retard the imme- 
diate diffipation of the electricity of the plate, 
which is in that cafe actuated by a very {mall 
degree of intenfity, or power of expantfion ; fo 
that, fuppofe, for inftance, the piece of metal 
or finger touching the plate took off fo much of 
it’s electricity as to reduce the intenfity of the 
remainder to the soth part of a degree, this re- 
maining electricity would be then nothing ; but. 
when the plate, by being feparated from the in- 
ferior plane, has it’s capacity fo far diminifhed 
as to’ render the intenfity of it’s electricity 100 
times greater, then the intenfity of that remain- 
ing electricity would become of two degrees or 
more, viz. fufficient to afford a fpark. — | 
Having confidered in what manner the action 
of electric atmofpheres modifies the electricity — 
of the metal plate in it’s various fituations, we 
fhall now ‘confider’ the effects which take place 
when the electricity is communicated to the 
metal plate, whilft ftanding upon a metal plane. 
As the whole bufinefs has been proved in the , 
preceding pages, it is eafy to deduce the appli- 
Gita cations 
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cations from it: neverthelefs, it will be ufeful 
_ to exemplify it by an experiment. 

EXPERIMENT ccxxxvi1.—Suppofe a. Leyden 
phial, ora conductor, fo weakly electrified that 
it’s intenfity is one half a degree, or even lefs ; 
if the metal plate of the condenfer, when ftand- 
ing upon it’s proper plane, was to be touched 
with that phial or conduétor, it is evident, that 
either of them would impart to it a quantity of 
it’s electricity, proportional to the plate’s ca- 
pacity, viz. fo muchas fhould make the inten- 
fity of the electricity of the plate equal to that of 
the electricity in the conductor or phial, viz. 
half a degree ; but the plate’s capacity, now it — 
lies upon a proper plane, is above too times 
greater than if it ftood infulated in the air, or 
which is the. fame thing, it aquires 100 times 
more electricity from the phial or conductor, It 
naturally follows, that when the metal plate is re- 
moved from the proper plane, it’s capacity being 
leffened fo as to remain equal to the rooth part 
of what it was before, the intenfity of it’s elec. 
tricity muft become 50°, fince the intenfity of 
the electricity inthe phial or condu¢tor was half 
a degree. 

Ifa fmall quantity of sinenioity, aopleiae to 
the metal plate of the condenfer, enables it to 
give a ftrong fpark, it may be afked, What would. 
! an a greater 
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a greater quantity do? Why, nothing more, Be-. 
caufe, when the electricity communicated to the. 
metal plate is fo {trong as to overcome the fmall 
reliftance of the inferior plane, it wili be diffi- 
pated. 4 iat Oe, 
It is eafy to underftand, that if the metal plate 
of the condenfer can receive a good fhare of 
electricity from a Leyden phial or ample conduc— 
tor, however weakly electrified, it cannot re~ 
ceive any confiderable quantity of it from a con- 
duétor of fmall capacity; for this conductor 
cannot give what it has not, except it were con- 
tinually receiving a f{tream, however {mall, as is 
the cafe with an atmofpherical conductor, or with 
the conductor of a machine which acts very 
poorly, but continues inaction. In thofe cafes. 
it has been obferved, that a confiderable time is 
required before the metal. plate has acquired a 
fufficient quantity of electricity. | 
As an ample conductor, weakly electrified, 
imparts a confiderable quantity of electricity to 
the metal plate of the condenfer, fo when this 
plate is afterwards feparated from. it’s plane, the 
electricity in it appears much condenfed and 
vigorous; when the fame plate contains a 
{mall quantity of eleéricity, fuch as cannot 
give a {park or affect an electrometer, that elec- 
tricity may be rendered very confpicuous by. 
| - commus 
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communicating it to another {mall el or cons 
denfer. 

Mr. Cavailo firft thought of this improve- 
ment, by reafoning on Mr. Volta’s experiments. 
He made a fmall metal plate not exceeding the 
fize of a fhilling. This fecond condenfer is of 
- great ufe in many cafes, where the electricity is 
fo fmall as not to be at all, or not clearly ob- 
fervable by one condenfer only, as has been fully 
proved. Sometimes the ufual metal plate of a 
condenfer acquires fo {mall a quantity of elec- 
tricity, that being afterwards taken from the 
inferior plane, and prefented to an extremely 
fenfible eleGrometer, made by Mr. Cavallo, it 
did not affee it. In this cafe, if the faid plate, 
thus weakly electrified, was made to touch the 
other fmall plate properly fituated, and was af- 
terwards brought near an electrometer, the elec- 
tricity was then generally ftronger than was fuf- 
ficient merely to afcertain it’s quality. 

Now, if by the help of both condenfers, the. 
intenfity of the eleétricity has been augumented | 
1000 times, which is by no means an exagge- 
ration, how weak muft then be the electricity of 
the body examined! how {mall the quantity of 
electricity that is produced by rubbing a piece 
of metal with one’s hand! fince when it is con- 
cenfed by both condenfers, and then communi- 

| cated 
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cated to an electrometer, it will hardly affect 
that inftrument, and yet is fufficient to afford 
conviction, that the metal can be electrified by 
the friction of a perfon’s hand. 

Before the difcovery of the condenfer and Mr. 
Cavallo’s very fenfible electrometer, we were far 
from being able to difcover fuch weak excita- 
tions; whereas, at prefent, we can obferve a 
quantity of electricity, incomparably {maller - 
than the fmalleft obfervable at thofe times. 


EY 9 bir 
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Or tHe Meruops or MANIFESTING THE Pre- 
__ SENCE, AND ASCERTAINING THE QUALITY OF 

Narturaz og Artirician Evecrricity. 

WV R. Canton was the firft perfon who con- 

. ftructed. an elecrometer, or inftrument 
capable of fhewing what was then confidered 
as a {mall quantity of electricity. This inftru- 
ment confifted of two fmall balls of pith of 
elder, or of cork, faftened to the two extremi- 
ties of linen thread; the middle of which was 
faftened to an oblong wooden box, in which 
the thread and balls were kept when not actually 
in ufe. 7 3 

Mr. Cavallo found, in the courfe of his ex- 
periments, that thefe were not fufficiently fen- 
fible; and that a fmall quantity of power being 
diffufed through the box, thread, and balls, had 
not fufficient power to feparate the balls. 

To obviate this, Mr. Cavallo made the elec- 
trometers very fhort, fufpended each ball by a 
feparate piece of filver wire, the upper part of 
which was formed into a loop, moving in a ring 
of wire; this he inclofed in a bottle; from 
| whence . 
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wheddee it acquired the name of the bottle elect 
trometer. | : 


Defcription of Mr. Cavairo’s Bottle Elerometer. 


The principal part of this inftrument is a glafs 
tube © DMN, cemented at the bottom into 
the brafs piece A-B;*\ by which part the inftru- 
ment is to be held when ufed for the atmofphere; 
and it alfo ferves tofcrew the in{trument into it's 
brafs cafe A BO, fig. 76. The upper partiof the 
tube CD MN is  fhaped tapering to’ a, {mall 
extremity, which is entirely covered with fealing+ 
wax; into this tapering part a {mall tube is 
cemented; the lower.extremity, being alfo cos 
vered: with fealing-wax, projects a fmall way 
within the tube CDMN; into this fimaller tube a 
_ piece of wire-is cemented, which, with it’s under 
extremity, touches the Hat piece of ivory H, faft- 
ened: to the tube by fneans of a cork; the upper 
extremity of the wire projects about a quarter of 
an inch above the tube, and fcrews into the brafs 
cap EF, which cap is open at the bottom, and 
ferves to defend the waxed part of the fe gia 
ment from the rain, &c. 

IM and KN are two narrow flips of tin-foil; 
{tuck to the infide of the glafs CD MN, and 
communicating with the brafs bottom A B.- 

They 
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They ferve to convey that electricity, which, 
when the balls touch the glafs, is communicated 
to it, and, being accumulated, might difturb the 
free motion of the balls. 

To ufe this inftrument for artificial olefins 
city, electrify the brafs cap by an electrified fiib- 
ftance, and the divergence or convergence of 
the balls. of the: eleCtrometer, at the approach 
of an excited electric, will thew the quality of 
‘the eleftricity. The beft manner to electrify 
this inftrument is, to bring excited wax. fo near 
the cap that one or both of the corks may touch 
the fide of the bottle CDMN, after which they 
will foon collapfe and appear unelectrified: If 
now the wax is removed, they will again dis 
verge, and remain unelectrified pofitively. 

When this electrometer is to be ufed to try 
the electricity of the fogs, air, clouds, &c. the 
obferver is to do nothing more than to unfcrew 
it from it’s cafe, and hold it by the bottom AB 
to prefent it to the air a little above his head, 
fo that he may conveniently fee the balls P, 
which will immediately diverge if there is any 
electricity; i. e. whether pofitive or negative ? 
may be afcertained, by bringing an excited piece — 
of fealing~wax or other electric towards the 
brafs cap KF. 


OF 
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Katie ‘Mr. De Saussure’s Bottle Electrometer.* 


The electrometer ufed by Mr. De Sauffure is 
nearly the fame as that o Mr. Cavallo’s. The 
following 


* This ele€trometer may be ufed inftead of the conden- 


fer of M. Volta, by only placing it on a piece of oiled filk, . 


fomewhat larger than the bafe of the inftrument; but in 
this cafe, it isthe bafe, and not the top of the inftrument, 
which muft be brought into conta& with the fubftance 
whofe eleétricity is to be explored. 

By this inftrument, it is eafy to afcertain the degree of 
condu@ing power in any fubftance. For example, if it is 
placed on an imperfeé& conduétor, as dry wood or marble, 
and if the inftrument is ele€trified ftrongly, and afterwards 
the top is touched, the eleétricity will appear to be de- 
{troyed; but on lifting up the inftrament by the top, the 
balls will again open, becaufe the imperfe& conduétor 
formed with the bafe a kind of eleétrophorus, by which 
the eleGtric fluid was condenfed, and loft it’s tenfion, til 
the perfe& conduor was feparated from the imperfeé 
one; whereas, if the conduétor had been more perfe&, it 
would have been deprived of it’s cleétricity immediately 
en the application of the hand. 

It is eafy to difcover alfo, by this inftrument, the elec- 
tricity of any fubftance, as of cloaths, hair of different ani- 
mals, &c. For this purpofe, it muft be held by the bafe, 
anid the fubftance rubbed brifkly (only once) by the ball of 
the eleétrometer ; the kind of eleétricity may be afcertained 
in the ufual manner. It is proper, however, to obferve 
here, that as the top of the eleftrometer aéts in this cafe as 
an infulated rubber, the ele@ricity it acquires is always 
contrary to that of the rubbed body. 


~~ 
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following are the moft material circumftances- 
in which they differ; firft, the fine wires, by 
which the balls are fufpended, fhould not be 
Jong enough to reach the: ‘tin-foil which is pafted 
on the infide of the glafs, becaufe the electri- 
city, when flrong, will caufe thern to touch this 
tin-foil twice COM uy and thus deprive 
them in a moment of their electricity. To 
prevent this defeét, and yet give them a fuffi- 
cient degree of motion, it is neceflary to: ufe 
larger glaffes than thofe that are generally ap- 
plied to Mr. Cavallo’s electrometer; two or 
three inches diameter will be found to anfwer 
the purpofe very well. Bur as it is neceflary to 
carry off the electricity which may be commu- 
nicated to the infide of the glafs, and thus be 
confounded with that which belongs to thofe 
fubfiances that are under examination; four 
pieces of tin-foil fhould be pafted on the infide 
of the glafs; the balls fhould not be more than 
1-20th of an inch diameter, fufpended by filver 
wire, moving freely in holes nicely rounded. 
‘The bottom of the electrometer fhould be of 
‘metal; for this renders it more eafy to deprive 
them of any acquired electricity, by touching — 
the bottom and top at the fame time.* ‘See fig. 
41,12,13. pL iets 
In 


* Voyage dans les Rapes par H. B. De Sauffure, Tom. 


fecond, 
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In order to colle&t a great quantity of electri- 
city from the air, the electrometer is furnifhed 
with a poirited wire, qs inches, or two feet 
long, which unferews in three or four pieces, 
to render. the inftrument more portable; fee 
fig. 11, pl. Iz When it rains or fnows, the 
{mall parapluie, fig. 13, pl. 1. is to be {crewed 
on the top of the inftrument, as by this it’s in- 
{ulation is preferved, notwith{tanding the rain. 
This inftrument indicates not only the elec- 
tricity of fogs, but that alfo of ferene weather, 
and enables us to difcover the kind of electris 
city which reigns in the atmofphere; atd to a 
certain degree, to form an eftimate of it’s quan- 
tity, and that under two different points of view, 
the degree of intenfity, and the diftance from 
the earth at which it firft begins to be fenfible. 
A condu@or * exhibits figns of electricity, 
only when the electric fluid is more or lefs con- 
denfed in the air, than in the earth. Though 
the air refifts the paflage of the electric fluid, it 
is not abfolutely impermeable to it; it fuffers 
it to pafs eeadually, and generally with more 
eafe in proportion as it’s mafs or thicknefs is 
lefs. It is therefore interefting to difcover at 
BG. » what 


* A conduéttor raifed for the purpofe of making atmo- 
{pherical experiments is meant here, 
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what height it is neceffary to be elevated, in or- 
der to find a fenfible difference between the 
electricity of the earth, and that of the air. A 
very fenfible difference may be generally difco- 
vered by this inftrument, at the diftance of four 
or five feet from the ground ; fometimes it may 
be feen if the inflrument is placed even on the 
ground, while at others, it muft be raifed feven 
or more feet before the balls will open; fome- 
times, though feldom, this height is not fufh- 
cient. This diftance is generally greateft when 
the electricity is ftrongeft, though neceflarily 
modified by a variety of circumftances, fome of 
which are known, as the degree of drynefs or 
humidity of the air, and others are unknown. 
The degree of intenfity, at a given height, 
_may be difcovered thus; raife the electrometer, 
and judge by the divilions which are placed.on 
the edge thereof, the degree of their divergence. 
To find the relation between this degree of di- 
vergence, and the force of the electricity, M. 
De Sauffure took the following method, as he 
could not with certainty double or triple a given. 
quantity of electricity; yet, as a given force 
may be reduced one half, a fourth, or eighth, 
&c. by dividing between two equal and fimi- 
lar bodies, the electricity contained in one; he 
took two of his unarmed electrometers, which 
were 
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were as fimilar as poffible, and electrified one 
of them, fo that the balls feparated precifely 6 
fines; he then touched the top thereof by the 
top of that which was not electrified; in an 
inftant the electricity was equally divided bé- 
‘tween them, as was evident by the divergence 
of the balls, which was 4 lines in each; con- 
fequently, a diminution of half the denfity had 
only leffened the divergence one third. One of 
thefe electrometers was then deprived of it’s 
electricity, and was afterwards brought in con- 
tact with the other, as before; the remaining 
clectricity divided itfelf again between them, 
and the balls fell from 4 to 28 lines, nearly in 
the fame proportion as before; in the third ope- 
ration they fell to 19; in the fourth to ‘one, 
where he was obliged to {top, as thete was not 
now fufficient force in the fluid to pafs from one 
electrometer to the other, and diftribute itfelf 
uniformly between them. The fame experi- 
ment repeated feveral times, gave very nearly 
the fame refults. Negative electricity decreafed 
alfo in the fame proportion as the pofitive. The 
following table may therefore be confidered as 
giving a general, though not exact idea (ua 
apercu) of the increafe in force, which corre+ 
{ponds to different degrees of divergence in the 
balls; it is only calculated to every fourth of a 
| Dd | dine; 
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line; the force of electricity is always exprefled 
by whole numbers, as it would be ridiculous to 
put a greater degree of exactnefs in the num- 
bers, than is to be found in the experiments 
which form the bafis of the calculation.* 


Diftance of the balls -—- Correfponding forces 
‘in fourths of a line. of electricity. 
I —_—S$S so I 
2 poset | oy 
3 ar BE, eas 3 
4 mat eee + 
iD NOT Pats The, RE 5 
6 —— 6: 
7 nba. Pee ie 
8. —=S sss 10 
9. on —_—— 12 
tO _ a ert 14 
11 SEF Yocee 17 
12 PEROT ye oe 20 
AS ars a Smeets 23 
14 NATE Oo aE 26 | 
Diftance 


re 


* M. De Sauflure, in along note, anticipates the ob- 
je€tions that may be made to the foregoing method of efti- 
mating the force of electricity ; but as at the moft they only 
fhew that this {cience is at prefent in a ftate of confiderable 


mmperfection, it will be unneceffary to take notice of them 
here. 
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Diftance of the balls Correfponding forces 


in fourths of a line. of electricity. 

: 1g ee ee 9g 
16 ——— Ke 

17 — 36 

“18 —— — 40 

ag RMN Aa a ara 44 

20 — Set a 48 

21 —_ 52 

Av: ee 56 

23 ae ae 60 

24 Boma) nad 64 


Thofe who are defirous to carry this meafure 
of the electric force further, may do it by having 
fimilar electrometers conftructed, but made upon 
a larger {cale,and with heavier balls, which would 
only feparate one line, with the degree of electri- 
city that makes the {maller ones diverge 6 lines; 
thefe would confequently meafure a force 1024 
times greater than that which forms the unity — 
of the preceding table, and thus by degrees we 
may be enabled to difcover the ratio of the 
ftrongeft difcharge of a great battery, or per- 
haps even of thunder itfelf, to that of a piece of 
amber, which only attracts a bit of ftraw.* 

Dd 3 Another 


* The confideration of the repulfive force is not fuffici- 
ent to difcover the abfolute force of an explofion, oreleétrical 


difcharge. 
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Another alteration of the bottle-electrometer 
has been lately invented by the Rev. Mr, Ben- 
net, which in point of fenfibility is far fuperior 
to any hitherto contrived. 


Defeription 


difcharge.. For Mr. Volta has fhewn, that the force ofa 
difcharge depends principally on the quantity of the ele€tric 
fluid which paffes from-one body. to another. Now the re- 
pulfive force of the ele€trometer only indicates the ratio of 
this quantity, in equal and fimilar bodies, and which are alfo 
fimilarly fituated, If equal quantities of the eleGtric fluid 
were imparted to two unequal and feparate conduétars, the 
electric fluid being Iefs condenfed on the largeft, would 
att with the leaft force on the ele&rometer ; though it is 
probable, the force of the difcharge in ine two conduétors 
would be equal. The repulfive force ferves, however, to 
fhew what Mr. Volta calls the electrical capacity of a body, 
the quantity of the electric fluid it a€tually contains, or is 
capable of containing. To effect this, and have points of 
comparifon, we fhould ufe light metallic balls, of different 
fizes, fulpended by filk thread. One ofthefe balls, uneleétri- : 
fied, being brought into contaé with the fubftance whofe — 
eleftricity is to be explored, will diminifh the tenfion, or 
repulf ive feral of thts fubltance ; and the quantity diminifh- 
ed by the contact of the ball, will give the ratio of the 
capacity of this fubftance with that of the ball. Let us 
fuppofe a Leyden phial uninfulated, but fo concealed, that 
only the knob is vifible, and we are therefore ignorant of 
p iU’s fize, and the {trength of the fhock i it will give, Let the 
top of M.. De Sauflure’s e le&trometer be in conta& with 
the knob of the bottle, and the ‘balls of the ele&trometer 
feparate 6 lines ; from this folitary faét, we thall gain ng 


informa, 


AN ESSAY ON ELECTRICITY. 407 


Defeription of the Rev. Mr. Benner’s Gold Leaf 
Eleétrometer,* fig. 10, pl. I. 


The foot may be made of metal or wood, and 
about three inches high, that there may be con- 
venient room to handle the inftrument, with- 
out touching the plafs. 

The cylindrical glafs, in which the gold leaf 
is fufpended, may be about five inches high, 
and two inches diameter. 

The cap is made of metal, and flat on i top, 
that the various fubftances whofe electricity is 
to be examined may be conveniently placed 
upon it. | : 

The diameter of the cap is about an inch 
more than that of the glafs, and it’s rim is about 
an inch deep, hanging parallel to the glafs to 
ie it clean and dry: within this is another 

Dd 4 circular 


information relative to the force of the fhock ; becaufe, if 
the jar is very large, this degree of tenfion will give a very 
painful fenfation; when, if it is very fmall, with the fame 
_ indicated tenfion, the fenfation may be almo!t imperceptible. 
But if I bring a ball, of a foot diameter, in conta& with the 
knob of the bottle, and after having thus taken a part of the 
fluid therefrom, the eleftrometer is again putin contaé with. 
the knob thereof, the remaining quantity of repulfive force 
will thew the relation between it’s contents and that of the 
globe of metal, and by this means the inten(ity of it’s charge. 

* See his very valuable work, entitied, * New Experi- 
menis cn Lleétricity,” 
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circular rim, about half as broad as the other, 
made to go over or within the glafs, and is 
therefore lined or covered with leather, or other 
foft fubftance, to make it fit clofe; and thus 
the cap may be eafily taken off to repair any 
accident happening to the gold leaf. Within 
this rim, and in the center of the cap, a tube 
is fixed, wherein the peg is placed. To the 
peg, which is made round at one end and flat 
at the other, two flips of gold leaf are faftened 
with pafte, gum-water, or varnifh, 

If gold leaf be ufed, it may be fhorter than 
filver leaf. ‘The gold is the moft fenfible, but 
the filver is eafier to cut, and lefs liable to be 
torn by any accident. 

Two pieces of polifhed tin-foil: are faftened 
with varnifh on oppofite fides of the internal 
furface, where the gold leaf may be expected 
to ftrike, and are connected with the foot of the 
electrometer. ‘Thefe flips not only carry off the 
fuperfluous electricity, but ferve other impor- 
tant purpofes. ae 

The upper end of the glafs is covered and 
lined with fealing-wax, as low at leaft as the 
outer rim, to render it’s infulation more perfect. 

The following experiments fhew the great 
fenfibility of this little inftrument. | 

1. Powdered chalk was put into a bellows, 
and blown upon the cap ;- it was electrified po- 

| fitively 
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fitively a the ftream of chalk, when the nozzle 
of the bellows was only 6 inches diftant from 
the cap; but the fame ftream electrified it ne- 
gatively at the diftance of three feet. In this 
experiment, the quality of the ele@ricity is 
changed from politive to negative, by difperf- 
ing or widening the {tream, and making it pafs 
through a longer tract of air; it is alfo changed 
by pafline the {tream through a bunch of’ fine 
wires, filks, or feathers placed upon the nozzle 
of the bellows; it is negative when blown from 
a pair of bellows, the iron pipe being taken off 
to enlarge the ftream. This laft experiment 
feems to anfwer beft in damp weather... The 
pofitive electricity generally remains, but in the 
negative the leaf gold collapfes as foon as the 
cloud of chalk is paffed. 

2. A piece of chalk drawn over a brufh, or 
powdered chalk put into a brufh and projected 
on the cover, electrified it ic wa ND The 
electricity was not permanent. 

3. Powdered chalk blown (with the mouth, 
or a pair of bellows,) fig. 19, pl. I. from a 
plate placed upon the cover, gave a permanent 
pofitive electricity. If a brufh is placed upon 
the cover, and a piece of chalk is drawn over 
it, when the hand is withdrawn, the leaf gold 
_ gradually expands with pofitive electricity, as 
the cloud of chalk difperfes. ) 
4. Pow- 
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4. Powdered chalk falling from one plate te 
another, placed on the inftrument, electrified it 
negatively. Many other experiments have been 
tried, as projecting it from a goofe wing, chalk- 
ing the edges of a book, &c. The inftrument 
being placed in a dufty road, the duft {truck up 
with a ftick near it, electrified it pofitively ; 
wheat flour and red lead gave a ftrong negative 
electricity, in all cdfes where the chalk gave a 
pofitive. — 

g. Place a metal cup upon the cap with a 
red hot coal in it, fig. 20, pl. I. a fpoonful of 
water thrown upon the coal clectrifies the cup 
negatively. If a bent wire be placed upon the 
cover, with a piece of paper faflened to it, to 
increafe it’s furface, it will exhibit the pofitive 
electricity of the afcending vapour, when intro- 
duced into it. The electricity of rain may pro- 
bably be illuftrated by pouring water on hot. 
coals placed in an infulated cullender; the 
afcending vapour is pofitive, the defcending 
drops are negative. : 

6. The fenfibility of this inftrument may be 
—increafed, by placing a candle upon the cap; - 
by this means a cloud of chalk, which would but 
‘ yuft open the leaf gold before, will caufe’ them 
to ftrike the fides for a long time together, and 
the electricity 1s now communicated fo ftrong, 

that 
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that the leaves will be repelled by a ftick of 
excited wax at 10 or 12 inches diftance. A’ 
cloud of chalk made in one room will electrify 
this inftrument, brought from another room, 
and at a confiderable diftance. 

A thunder cloud paffing over the inftrument, 
caufed the leaf gold to flrike the fides at every 
flath of lightning. No fentible electricity has 
been difcovered by it on the explofion of gun. 
powder, or the projection of fmoke, or flame 
over it, 

»Excited fealing-wax will often make the leaf 
gold ftrike the fides of the glafs more than 12 
times; when the fealing-wax recedes, it will 
ftrike it again, nearly the fame number of times; 
but if the approach is quicker than the recef- 
fion, the number of times will fometimes be 
greater. . 

If a fmall lantern, with a candle in it, be 
placed upon the cap of the electrometer, and 
expofed to the air in an open place, or not too 
near high buildings or trees, it feldom fails to 
render the atmofpheric electricity very fenfible. 

If the electrometer be charged with a fmall 
quantity of electricity, and the fharpeft pointed 
necdie, or edge of a razor, be brought within 
the leaft vifible diftance towards the cap, it will 
not draw off the electricity, but flame aren: it 


oii at a confiderable diflance. 
, The 
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The laft experiment fhews that /harp points, 
or edges, need not be avoided in the conftruc- 
‘tion of this inftrument, or of the doubler to be 
fpoken of hereafter, or atmofpheric apparatus ; 
and that flame zs better than a pointed wire for the 
purpye of collecting atmofpheric electricity. 

A {mall pin was faftened upon the end of a 
ftick of fealing-wax, and charged with ele@ri- 
city, which was communicated from the pin to 
a metallic infulated conductor, 15 inches in dia- 
meter, and 7 feet long ; whofe furface was there- 
fore prodigioufly larger than that of the pin, 
yet it’s electricity caufed a very fenfible diver- 
gency of the gold leaf: thus not only fhewing 
the /en/ibility of the electrometer, but the ama- 
zing divifibility and expanfibility of this wonder- 
ful fluid. 

Befides the method of difcovering fmall quan- 
tities of electricity by means of very delicate 
electrometers, two methods have been commu- 
nicated to the philofophical world, by which 
fuch quantities of electricity may be rendered 
manifeft as could not be perceived by other 
means. ‘Lhe firft of thefe methods is an inven- 
tion of Mr. Volta, called the condenfer of elec- 
jricily ; the fecond is an invention of the Rev. 
Mr. Bennet, called the doubler of eledricity. 

Mr. Volta’s condenfer, which has been already 

defcribed’ 
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defcribed in his own words, confifts of a large 
fmooth metal plate, furnifhed with an infulating 
handle, and a femi-conducting, or imperfect in- 
fulating plane. | | | 
To examine a weak electricity with this ap- 
paratus, as that of the air in.calm and hot wea- 
ther, which is’ generally too weak to be ren- 
dered fenfible by an electrometer, place the 
metal plate upon the femi-conducting plane, 
letting a wire, or fome other conducting fub- 
{tance, be conneéted with the metal plate, and 
extended in the open air, to abforb it’s electri- 
city; then, after a certain time, the metal plate 
muft be feparated from the fame conducting 
plane, and being prefented to an electrometer, 
will electrify ic more than if it had not been 
placed on fuch a plane; and this, becaufe the 
metal plate, while ftanding contiguous to the 
femi-conducting plane, will abforb and retain 
a much greater quantity of electricity than it 
could either abforb or retain when feparate. _ 
The office of this apparatus is not to manifeft a 
Small quantity of electricity, but to condenfe an ex- 
panded quantity into a fmall fpace. But Mr 
Bennet’s doubler is defigned to multiply, by 
repeatedly doubling a fmall, and otherwife 
unperceivable quantity of eleétricity, till it 
become fufficient to affect an electrometer and 
give {mall fparks. | 
NIcHOL- 


’ 
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NicuHoison’s Doudler. 


. Plate I. fig. 9, reprefents the apparatus, fup- 

ported on a glafs pillar 63 inches long. It con- 
fifts of the following parts: two fixed plates of 
brafs, A and C, are feparately infulated, and 
difpofed in the fame plane, fo that a revolving 
plate B may pafs very near them, without 
touching. Each of thefe plates is two inches 
in diameter ; and they have adjufting pieces be- 
hind, which ferve to place them accurately in the 
required pofition. Disa brafs ball, likewife of 
two inches diameter, fixed on the extremity of 
an axis that carries the plate B. Befides the 
more effential purpofe this ball is intended to 
anfwer, it is fo loaded within, on one fide, that 
it ferves as a counterpoife to the revolving plate, 
and enables the axis to remain at reft in any 
pofition. The other parts may be diftindly 
feen in fig. 2. The fhaded parts reprefent me- 
tal, and the white reprefent varnifhed glafs. 
ON is a brafs axis, palling through the piece 

: M, which laft fuftains the plates A and C. At 
one extremity is the ball D already mentioned ; 
and the other is prolonged by the addition of 
a glafs ftick, which fuftains the handle L, and 
the piece GH, feparately infulated. E, F, are 
pins eee out of the fixed plates A and C, at 
unequal 
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unequal diftances from the axis. The crofs 
piece GH, and the piece K, lie in one plane, 
and have their ends armed with {mall pieces of 
harpfichord-wire, that they may perfectly touch 
the pins E F in certain points of the revolution. 
There is likewife a pin I, in the piece M, which 
intereepts a {mall wire proceeding from the reo 
volving plate B. 

The touching wires are fo adjufted, by bend- 
ing, that when the revolving plate B is imme- 
diately oppofite the fixed plate A, the crofs-piece 
G H connects the two fixed plates, at the fame 
~ time that the wire and pin at I form a commu- 
nication between the revolving plate and the 
ball. On the other hand, when the revolving 
plate is immediately oppotite the fixed plate C, 
the balls become connected with this laft plate, 
by the touching of the piece K againft F; the 
two plates, A and B, having then no connection 
with any part of the apparatus. In it other 
pofition, the three plates and the ball will be 
perfectly unconnected with each other. 

When the plates A and B are oppofite to each 
other, the two fixed plates A and C may be con- 
fidered as one mafs; and the revolving plate B, 
together with the ball D, will conftitute another 
mafs. All the experiments yet made concur to 
prove, that thefe two maffes will not poffefs 
AMS | “ah inte 


416. AN ESSAY ON ELECTRICITY. 


the fame eleétric ftate; but that, with refpect 
to each other, their eleCtricities will be plus and 
minus.  Thefe flates would be fimple and with- 
out any communication, if the maffes were re 
mote from each other ; but as that is not the 
cafe, a part of the redundant electricity will 
take the form of a charge in the oppofed plates 
A and B. From other experiments, J find that 
the effect of the compenfation on plates oppofed 
to each other, at the diftance of one fortieth 
part of an inch, is fuch that they require, to 
produce a given intenfity, at leaft one hundred 
times the quantity of electricity that would have 
produced it in either, fingly and apart. The 
redundant electricities in the maffes under con- 
fideration will therefore be unequally diftribu- 
ted: the plate A will have about ninety-nine 
parts, and the plate C one; and, for the fame 
reafon, the revolving plate B will have ninety. 
nine parts of the oppofite electricity, and 
the ball Done. The rotation, by deftroying 
the contacts, preferves this unequal diftribu- 
tion, and carries B from A to C, at the fame 
time that the tail K connects the ball with the 
plate C. In this fituation, the electricity in B 
acts upon that in C, and produces the contrary 
ftate, by virtue of the communication between 


C and the ball; which laft muft therefore ac. 
quire 
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quite an electricity of the fame kind with that 
of the revolving plate. But the rotation again 
deftroys the contac, -ahd teftores B to it’s firft 
fituation oppofite A. “Here, if we attend to the 
effeQ of the whole revolution; we fhall find that 
the electric ftates of the refpective maffes have 
been greatly increafed: for the ninety-nine parts 
in B remain, and the one part of electricity in 
C has been increafed fo as nearly to compen-_ 
fate ninety-nine parts of the oppofite electri= 
city in the revolving plate B, while the commu- 
nication produced an equal mutation in the elec~ 
tricity of the ball. A fecond rotation will, of 
courfe, produce a proportional augmentation of 
thefe increafed quantities; and a continuance of 
turning will foon bring the intenfities to their 
maximum, which is limited by an explofion be- 
tween the plates. 

If one of the parts be connected with an elec- 
trometer, more efpecially that of Bennet, thefe 
effects will be very clearly feen. The fpark is 
ufually produced by a number of turns between 
eleven and twenty ; and the electrometer is fen- 
fibly acted upon by ftill fewer. When one of 
the parts is occafionally connected with the 
earth, or when the adjuftment of the plates is 
altered, there are fome variations in the effects, 
hot difhcult to be reduced to the general prin- 
| Ee ciples, 
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! ciples, but faicienyla, curlous to excite the me- 
ditations of perfons the moft experienced in this 
branch of natural philofophy. An, attention to 
brevity, however, renders it neceffary to forbear 
enlarging upon them, If the ball be connected 
with the lower part of Bennet’s elecirometer, 
and the plate A with the upper part, and any 
weak electricity be communicated to the elec- 
trometer, while the pofition of the apparatus 
is fuch that the crofs-piece GH touches the 
two pins; -a very few turns will render it per- 
ceptible. But here, as well as in the common 
doubler, the effect is rendered uncertain by the 
condition, that the communicated. electricity 
ymuft be {trong enough to deftroy and predomi- 
nate over any other electricity the plates may 
poffefs. I fcarcely need obferve, that if this 
difficulty fhould hereafter be removed, the in- 
{trument will have great advantages as a multi- 
plier of electricity in the facility of it’s ufe, the 
very fpeedy manner of it’s operation, and the 
unequivocal nature of it’s refults. 


Of Mr. Brooxe’s Eleéfrometer Sor iit ors 
and Batteries.* 

This article might have been introduced with 

, greater 


 * Brooke's Mifcellaneous Experiments and Obferva- 
tions on Eleétricity. 3 
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greater propriety in the beginning of this Work, 
but as the plate was then altering, to render the 
_drawing conformable to that given by. Mr. 
Brooke ‘himfelf, I chofe phe to Pee it 
till the plate was finifhed. — 

An accurate admeafurement of the quantities 
_ of electricity is among the defiderata in this 
branch of philofophy, and as the electrometers 
which have heretofore been invented, have in 
that refpect been found deficient, Mr. Brooke 
has endeavoured to fupply this aehicheany by a 
new in{trument. 

Fig. 96, pl. V. exhibits the electrometer in 
" miniature, as it appears when it is EaAaly, to be 
ufed. 

Fig. 96, B, pl. V. is an arm, the balk of 
which is to.be laid to make a communication 
with a battery. 

Fig. 97, pl. V. is the lower part of the elec- 
trometer, feparate from the upper part. 

The arms F H, fk, fig. 97, pl. V. are, when 
in ufe, to be placed as much as poffible out of 
the atmofphere of a jar, battery, &c. ' 

The dial plate, fig. 96, is divided into go 
equal parts; the index of this plate is carried 
once round when the arm BC has moved 
through go degrees, or a quarter of a circle. 
That motion is given to the index by the repul- 

Fe a2 a five 
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five power of the charge acting between the ball 
D and the ball B.* 

The arm BC being repelled, fhews when 
the charge is increafing, and the arm F H fhews 
what this repulfive power is between two balls of 
this fize in grains, according to the number the 
weight refts at when lifted up by the repulfive 
power of the charge: at the fame time the arm 
BC points out the number of degrees to which 
the ball. B is repelled ; ‘fo that by repeated trials, 
the number of degrees, anfwering to a given 
number of grains, may be afcertained, and a 
table formed from thefe experiments, by which 
means the eleflrometer, fig. 96, may be ufed 
without that of fig.'97. 

Mr. Brooke thinks that no glafs, charged (as 
we call it) with electricity, will beara greater 
’ force, than that whofe repulfive power, between 
two balls of the fize he ufed, is equal to fixty 
grains; that in very few inflances it will ftand 
fixty grains weight; and he thinks: it hazard- 
ous to go more than forty-five grains. | — | 

' Hence, by knowing the quantity of coated . 
furface, and the diameter of the balls, we may 
be enabled to fay, fo much coated furface, with. 
a repulfion between balls of fo many grains, will 
melt a wire of fuch a fize, or kill fuch an ani-~ 
mal, &c.. ’ 
: Mr. 
* Phil. Tranf. vol. 82, p. 384. 
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Mr. Brooke alfo thinks, that he is not ac- 
quainted with all the advantages of this electro- 
meter; but that it is clear, it {peaks a language 
which may be univerfally underftood, which no 
other will do; for though other electrometers 
will fhew whether a charge is greater or lefs, by 
an index being repelled to greater or {maller 
diftances, or by the charge exploding at differ- 
ent diftances, yet the power of the charge is by. 
no means afcertained: but this electrometer 
fhews the force of the repulfive power in grains; 
and the accuracy of the inftrument is eafily 
proved, by placing the weights on the internal 
ball, and feeing that they coincide with the di- 
vifions on the arm FH, when the flide is re- 
moved to them, — 


t 
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Co PAS Poe 
Or ATMOSPHERICAL ELECTRICITY. 


T is now univerfally acknowledged by every 
philofopher, that the electric fluid is diffemi- 
nated through the whole atmofphere: it is alfo 
known, that the motion of this fluid is reftrained 
when it acts in denfe air, but it moves with the 
ereateft liberty in a vacuum or rarified air, as in 
an exhaufted receiver. Therefore at a great 
height, where the air is equally, if not more ra~ 
yified than in our receivers, it’s motion muft be 
exceeding free, and hence capable of the greateft 
effets: becaufe it can be moved from one place 
to another with extreme eafe and rapidity, and 
in great quantities; and if, as many philofo- 
phers believe, the electric fluid is that ether or 
fubtil matter which fills the intervals between 
~ the planets, how great muft be the force of an 
agent which fills thefe immenfe (paces ! ! Be this 
as it will, we know that the upper firata of air 
are fil led with this fluid, and that it moves there 
freely. 

Again, we know that water, whether i in fub- 
ftance or in vapour, is a conductor of electricity ; 


that in proportion as air is loaded with it, it 
refitts 
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refifts lefs the motion and diflufion of thé etec- 
tric fluid: confequently, if vapour rifes to a 
great height, it becomes a conductor and canal 
of communication between this immenfe refer- 
voir, this ocean of free electric fluid, and. the 
entire mafs of our globe. If then this fluid is 
more reftrained at one part of our globe, than it 
is in correfponding parts of the higher regions, 
the vapours will be the medium to reftore the 
equilibrium. But this equilibrium will not lait 
long, for it is natural to juppo‘e this immenfe - 
fluid fubject to a flux and reflux, currents, &c. 
which will alter it’s local denfity.. Thus alfo 
this fluid, which :s contained in our globe, can- 
not be long uniformly fpread through it’s mafs, 
as there are ten:thoufand egents, which will 
either accumulate or rarify it: confequently va- 
pour will fcarce ever rife without ferving asa 
vehicle to maintain the equilibrium between our 
globe and the fluid in the higher regions of the 
atmofphere. ; | | 

This theory is fo natural a confequence of the 
moft immediate and certaih principles of elec- 
tricity, that ir feems almoft fuperfluous to con- 
firm it by the phenomena which it explains. It 
is the only one that accounts for the following 
fact, that vapours never rife to a great height 
without producing the moft terrible meteors, 


Ee 4 Ml 
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All confiderable volcanic produ@ions are accom- 
panied with lightning, he fire which rifes 
from the earth feems-to light that of heaven. 
The column of vapour which proceeds from the 
bowels of a volcano is continually traverfed by 
lightning,* which fometimes feems to proceed 
‘from the higher regions, fometimes from the 
column itfelf. Hail, which neceffarily fuppofes 
“the afcenfion of vapour to a confiderable height, 
is always accompanied with electricity. ‘The 
aurora borealis is alfo electrical ; it’s light feems 
to be produced by the ele@tric fluid, at the in- 
ftant it is condenfed in pafling in the columns 
of elevated vapour. | 3 
Waterfpouts, whirlwinds, and even earth- 
quakes, are in a great meafure the effects of tor- 
yents of the electric mattcr, attracted from the 
higher regions by torrents of vapour. In a 
word, can the electricity of the clouds be attri- 
buted to a more natural or probable caufe ?+ 
For the fubject of this chapter we are prin- 
cipally indebted to P. Beccaria, who has for 
many years accurately obferved the various 
changes in the electricity of the atmofphere, 
: ‘ih atl 
* The younger Pliny obferved thefe lightnings in the 
eruption which killed his uncle. Sir William ieee 
has alfo obferved them feveral times. 
+ Sauflure’s Effais fur ’Hygrometrie, p. 275, 
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and their relation to the other phznomena of 
the weather. His apparatus was admirably well 
adapted for this purpofe, and fuperior to any 
thing that we are at prefent acquainted with, 
for intimating eafily and at all times the elec- 
tricity of the air. It not being at firft fufpected, 
that electricity was fo intimately blended with 
every operation of nature, as it is now known 
to be, the labourers in this part are of courfe 
very few; the principal are P. Beccaria, Mr. 
~ Ronayne, and Mr. Cavallo. 

I have extracted and methodized the refults 
of the obfervations made by P. Beccaria, intro- 
ducing occafionally thofe made by others, that 

“the reader might be in poffeffion of the moft 
material facts, and excited to inveftigate and 
purfue with attention this delicate and impor- | 
tant fubject; for, indeed, little certainty can be 
expected from any fyftem of meteorology, where 
the action. of the principal agent is not particu- 
Jarly confidered and attended to. 

The apparatus ufed by P, Beccaria, for in- 
veftigating the electricity of the atmofphere, 
was an iron wire, which he terms an exploring 
‘wire, one hundred and thirty-two feet long. oe & 
was fixed at one end to a pole raifed over the 
chimney, the other end was faftened to the top 
_pfa cherry-tree. The extremities of the wire 

were 
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*were infulated, and covered with a {mall um= 
. brella of tin. Another wire was brought from 
this, (through a thick glafs tube, coated with 
fealing-wax) into the room; by which means, 
continual information of the flate of the electri- 
city in the exploring wire was obtained. He 
copnecied with this wire a fmall flip of metal, 
on each fide of which was a {mall pith ball, one 
line diameter; the balls were fufpended pee filk 

threads, fixteen, lines long. . 

Atr-balloons will) probably enable us to dif 
cover with certainty the electricity of the diffe- 
rent. {trata of the atmofphere.. Mr. de Sauffure 
has already mace the experiment witha balloon 
made-of taffety, containing two hundred cubic 
fect of air, and which was»raifed by the heat 
from the flame of fpirit of wine; with this, in 
‘cloudy but calm weather, he obtained a ftrong - 
pofitive clectrici ity:.* ree 

The electricity, in ferene weather, citneatie 
makes each of the balls diverge about fix lines; 
when it is very flrong, they will diverge fifteen 
or twenty degrees from the metal plate; when 
weak, the divergence is very {mall. 

In ferene weather, the wire, after being 


touched, will take a minute or longer before it 
again 


* Faujas de St. Fond, Defcription des “Experiences 


Aeroftatiques, tom, 11. p. 271, 
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again fhews figns of electricity; though, at other 
times, it will become electrified in the fpace of 
a fecond. | | 

The electricity during ferene weather is always 
pofitive. There are few inftances in which it is 
negative, and then it is brought over by the 
wind from forse part of the atmofphere, ( per- 
haps very diitan. irom the place of obfervation, ) 
where there is cither fog, fhow, rain, or clouds. 
‘The whole feries of obfervations, which P. Bec- 
caria has made, confirms this pofition. He 
feems to have met with only three or four in- 
{tances to the contrary., 

Dr. Franklin has obferved, that the clouds 
are fometimes negative, which is certainly true; 
becaufe they will at times abforb, at and through 
the apparatus, a large and full bottle of pofitive 
electricity, of which the apparatus could not 
have received and retained the hundredth part, 
And it is eafy to conceive, how a ftrongly 
charged large pofitive cloud may reduce fmaller 
clouds to a negative ftate. ; 

The electricity of the atmofphere is very much 
connected with the ftate of the air, as to moifture 
and drynefs; fo that it is. neceffary to attend to 
the hygrometer, in order to form a proper judg- 
yment of the different degrees of electricity at 

| different 
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different times. ‘That invented by Mr. Coven- 
try, which is made of hatters’ paper, will an- 
fwerbeft; it is very fenfible, abforbs moifture 
foon, and parts with it eafily. Comparative 
obfervations may alfo be made with it. It is 
alfo neceflary to place a thermometer near the — 
hygrometer, to afcertain what quantity of moif- 
ture the air can keep in folution with a given 
degree of heat: though this object will more 
probably be obtained by obferving accurately 
the quantity of moifture evaporated froma given — 
furface at different times. It is alfo to be ob- 
ferved, that the different degrees of denfity in 
the air will affect the quantity of moifiure which 
’ 3s retained in the air, 

The moifture in the air is the conftant con- 
ductor of the atmofpheric electricity during 
clear weather; and the quantity of electricity is 
proportioned to the quantity of moifture which 
furrounds the exploring wire; except there is 
fo much as to leffen the exactnels of the infu- 
lation of the wire and of the atmofphere. In 
a dry ftate of the air, it will fometimes be above 
a minute before the balls will manifeft any elec- 
tricity after the wire has been touched; though 
in a damper ftate, a-fecond will fcarce elapfe 
before rapid ofcillations of the balls may be ob- 


ferved 
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ferved between the finger and the plate of bra 
to which they are affixed.* : 

The electricity, when the weather clears up, 
is always pofitive. When the weather is clearing 
up, and becomes dry quickly, the electricity 
rifes to a great degree of intenfity, and affords 
_ frequent opportunities for repeating the obfer- 
vations. It fometimes happens, that the elec- 
‘tricity, caufed by the clearing up of the wea- 
ther, continues in it’s ftate of intenfity for a 
long while; and alfo, after being interrupted, it 
begins afrefh. Thefe accidents feem to be ow- 
ing to the electricity being brought over by the 
wind from great diftances. 

P. Beccaria fays, that whenever te obferved 
that the thick low clouds which were over his 
head began to break, and the rare even clouds, 
which are above the former, became dilated, that 
the rain ceafed, and the balls diverged with po- 
fitive electricity, he always wrote down certarn 
tendency to clear weather. 

Prior Ceca a that a ftrong pofitive elec- 

tricity 


* In making obfervations on the eleétricity of the atmo~ 
fphere in clear weather, it is effential to repeat them very 
frequently; i.e, to obferve the velocity with which the 
eleétricity rifés after it has been annihilated; which P. Bee- 
caria generally eftimated by the number of feconds elapled 
before the balls began to manifeft their ele&ricity, 
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tricity after rain, is an indication that the weather 
will continue fair for feveral days. If the elecs 
tricity is weak, it isa fign that the fair weather 
will not laft the whole day, but that it will foon 
be cloudy, and even rain. 

If, when the fky grows cloudy over the place 


_ of obfervation, anda high cloud is. formed; 


without any fecondary clouds under it, and it 
is not an extenfion of a:cloud which drops rain 
elfewhere, either no sical takes place, or it 
is pofitive. 

If the clouds which are gathering are anal 
like locks of wool, and keep mowing firft nearer 
to, and then feparating from cach other; or, if 
the general cloud which is forming lies very 
high, and is ftretched downwards like defcend- 
ing {moke, then pofitive electricity commonly 
takes place, which is more or lefs {trong in pro- 
portion to the quicknefs with which this cloud 
forms; and it foretels the greater or lefs quan- 
tity and velocity of the rain or fnow which is to 
follow. 

When a thin, even, and Perenfive cloud is 
forming, which darkens the fky, and turns it 
into a grey colour, a {trong and repeated pofi- 
tive electricity takes place; but in proportion 
as the gathering of the cloud flackens, this 
electricity leffens, or even fails. On the con- 

ius trary, 
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trary, if the rare-extenfive cloud .is gradually 
formed of fmaller clouds, like Jocks of weel, 
which are continually. joining to,,and parting 
from each other, the politive. cept com- 
_monly continues... , iver wotedy 

Low and thick fogs (e! regis ipa as’ ithey 
rife the air above them is free from moiftyre) 
carry up to the exploring. wire. an’ €lericity: 
which will give {mall fparks repeatedly, and 
produce a divergence of the balls from, 20° to 
25°, or even 30°. . If the fog grows fluggith, and 
continues round the exploring wire,! the eleciri- 
city foon fails; but if it continues to rife; and 
another cloud fucceeds, it electrifies again the 
wire, though lefs than before. Sky-rockecs fen 
through fuch thick, low, arid continued fogs, 
often afford figns of electricity. P.. Beccaria, 
under any one of the circumftances above. de- 
{cribed, never met with an initance of negative 
cleétricity ; except perhaps once, when he fent 
a fky-rocket, to which. a ftring was fixed, 
through a low thick fog; though he had after- 
wards every reafon to think, that he bad mifta- 
ken a falfe little far for a true one. 

Mr. Ronayne objerved, that the air in Ireland 
was generally eleétrified ina fog, and even ina 
mift, and that both day and night, but. prin- 
cipally in winter; {cldom in fummer, except 
sa from 
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_ from pofitive clouds, or cool fogs. The eletri~ 
city of the air in a froft or fog is always pofitive. — 
He fays, that he has often obferved, during what _ 
feemed the pafling of one cloud, fucceffive 
changes from negative to pons and from 
pofitive to negative. 

N. B. Moft fogs have a fmell very like an 
excited glafs tube. 

Mr. Henley has fhewn, that fogs are more 
ftrongly electrified in, or immediately after a 
froft, than at other times; and that the electri- 
city in fogs is often the {trongeft foon after their 
appearance. : 

Whenever there appears a thick fog, and at 
the fame time the air is fharp and frofty, that 
fog is ftrongly electrified pofitively. 

Though rain is not ah immediate caufe, yet 
he is inclined to think, it was always a remote 
confequence, of elefiricity in the atmofphere; 
and he generally found, that in two or three days 
after he had difcovered the air to be ftrongly 
electrified, we had rain, or other falling wea- 
thier. | 
If, in clear weather, a low cloud, which moves 
flowly arid is confiderably diftant from any other, 
pafies over the wire, the pofitive electricity ges 
nerally grows very weak, but does not become 
negative; and when the cloud is gone, it returns 

to 
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to it’s former ftate. When many whitith clouds; 
like. locks ‘of wool, keep. over the wire; fome- 
times uniting with, and then feparating from 
each other; thus forming a a body of confiderable 
extent, the pofitive ele€tricity. commonly in- 
creafes. In all the above circumftances the 
pofitive electricity never. changes to a pasate 
one. . 

The mht which, leffen the searches of the 
exploring wire are thofe which move ; i though | 
thofe that ate low feem alfo to have the fame 
bettas 

; Of the Diurnal Atmofpherical EleGritity. 

In the morning, when the hygrometer indi- 
tates a degree of drynefs equal to, or little lefs 
than that, of the precéding day, an electricity 
takes. place before the fun rifes ; which'is mani- 
fefled by junétions, adhefions, or even a diver- 
gence of the balls, and is proportioned to the 
drynefs of the air, and the fmallnefs of it’s dif- 
ference from that of the preceding day. If this 
flate of, drynefs . does not obtain, no difcernible 
electricity will be perceived before, or even for 
a little. while after, the rifing of the fun, As the 
air is generally damp in the night, electricity is 
feldom obferved before the fun rifes. During 
three months obfervations, P; Beecaria found the 
| K f electricity 
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électricity before the fun rofe only eighteen 
mornings; and from the whole of his numerous 
obfervations it appears, that the appearance of 
electricity in winter before fun-rife is more 
frequent than in the fummer, efpecially if the 
dampnefs from the hoar-froft is sted depose: from 
affecting the apparatus. | 

In the morning, as the fun ites higher, the 
eleGtricity, whether it began before fun-rife or 
only after, gradually increafes. This graduaf 
increafe of the morning efeGricity begins fooner, 
if the hygrometer continues after fun-rife to 
indicate a greater degree of increafing drynefs. 
The intenfity and the rife of the electricity (after 
it has been annihilated by touching the exploring 
wire) lafts in ferene days, in which no impetu- 
ous wind takes place, and the hygrometer is fta- 
tionary at the higheft degree it has attained that 
day, till the fun draws near the place of it’s fet- 
ting. When the fun is near fetting, and in pro- 
portion as the hygrometer abforbs the moifture, 
the intenfity of the daily electricity leffens. 

- Though the hygrometer may indicate equal 
degrees of drynefs at twelve o'clock, in differenv 
_ days, yet the electricity will appear fooner after 
being. deftroyed on fome days than on others; 
and this is in 2 great meafure proportioned to 
the increafe of heat. The ele&ricity moreover 

gsi com- 
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commences on fuch days later in the morning, 
and falls fooner in the evening. 

The fri@tion of winds againft the furface of 
the earth is not the caufe of atmofpheric elec. 
_ tricity. Impetuous winds leffen the intenfity 
of the electricity in clear weather. If they are 
damp, they leffen it’s intenfity in proportion to 
the diminution they caufe in the exactnefs of the 
infislation both of the wire and atmofpherc. — 


of the Eleéivicity peep by the Evening Dew. 


In cold feafons, if the fky is clear, little winds 
‘and a great degree of increafing drynefs, an 
electricity of confiderable intenfity arifes after 
fun-fet, as foon as the dew begins. The /fre- 
quency of fuch electricity is moreover greater 
than that of the daily electricity, and it vanifhes 

flowly. 

In temperate or warm feafons, if the fame 
circumftances as above take place, an electricity 
entirely fimilar to the former arifes as foon as the 
fun has fet; -only i it’ s intenfity is not fo conftant; 

ir begins with greater rapidity, and ends fooner. 
If, under the above circumftances refpec- 

tively, the general drynefs of the air happens to 

be lefs, the electricity that rifes i in the evening, 
when the dew begins, is lefs in proportion to the 
diminutions of the exactnefs of the infulation of , 
Ff 2 both 
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both the exploring wire and the atmofphere; 
but correfpondently to the greater quantity of 
‘dew, the frequency of the electricity is greater. 

The electricity of dew feems to depend on the. 
quantity of dew, and to follow in it’s various 
‘changes, proportions fimilar:to thofe which take 
place between the electricity of calm mild rain, 
cand that of rainy and ftormy weather, and varies. 
-alfo according to the feafons. 

‘As rain, fhowers, the aurora béieaky: ou 
the zodiacal light, have a tendency to appear 
for feveral fucceffive days with the fame charac- 
teriftic accidents, fo the electricity of dew feems 
to have as it were an inclination to appear ‘for 
feveral evenings fucceflively with the fame cha- 
acters. | 
~ ExpeRIMENT CCXxxVIIT Let. the air in a 
‘well-clofed room be electrified ; that is to fay, 
the moifture and other vapours diffufed in it: 
then let a bottle, filled with water colder than 
‘the air in the roorh, and. infulated on a tube of 
“glafs, be raifed pretty high i in this room. Care 
“rout be taken to preferve the infulation of the 
glafs, with warm ¢loths. The electric figns that 
will arife in two threads fufpended to. fuch 
‘bottle, will exaélly reprefent the electricity of 
dew; and they will exhibit the different man- 
ner after which this electricity takes, place, ac 
| . cording 


oe « 
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cording as the electrified vapours in. the room 
are more or lefs rare; as the difference between 
the heat of the air in the room, and that of the 
water in the bottle, is fefs or greater, and the 
infulation of the bott!e is more or lefs exact. 

In a thunder-ftorm Mr. Ronayne obferved, 
that the flafhes would caufe fudden changes, 
Sometimes the electricity would be extended, 
fometimes diminifhed ; at other times increafed, 
and fometimes even changed to the contrary 
again, though none was perceived before; it 
would come on fuddenly with a flafh of light- 
ning.’ A large thunder-cloud, when it darkens 
the ‘hemifphere, does not produce fo much elec- 
tricity as a branch of it, or even as a common 
fhower; and a ftorm does not go in a regular 
current of the wind, but obliguely and zig-zag ; 
viz. it rains in that region from whence the 

a at is to proceed, 


Pepe and Obfervations on 1 Aimofpkerical 
7 ety: by Mr. Cavatuo. 


* Thefe were. principally made with’ an elec- 
trical kite, which will colle electricity from 
the air at any time. The power of this inftru- 
ment refides in the firing. The beft method of 
making the ftring is by twifting two threads of 
common twine with one of that copper thread 

Pf 3 ~ which 
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which is ufed for trimming: a fchoolboy’s kite 
with this ftring anfwers the purpofe as well as 
any other. When a kite conftructed in this 
manner was raifed, Mr. Cavallo fays he always 
obferved the {tring to give figns of electricity, 
except once; the weather was warm, and the 
wind fo weak, that the kite was raifed with 
difficulty, and could hardly be kept up for a few 
minutes: afterwards, when the wind increafed, 
he obtained as ufual-a ftrong pofitive electricity, 
If this kite was raifed at a time when there 
was any probability of danger from’ the great 
quantity of electricity, Mr. Cavallo connected 
one end of a chain with the ftring, and let the 
other end fall on the ground, and placed hims - 
{elf alfo on an infulating flool. Except the kite 
is raifed ina thunder-ftorm, there is no great 
danger that the operator will receive a fhock, 
Although he raifed his kite hundreds of times 
without any precaution whatever, he feldom 
received even a few flight fhocks in the arms. 
But it is not advifeable to raife it while ftormy 
clouds are over head. This is alfo lefs neceffary, 
as the electricity of the atmofphere may ra 
‘be eafily obferved by other means. 
When the kite was raifed, he orceninereit 
the ftring through a window into a room of the 
houfe, and peop id it by @ a ftrong fi fi lk lace toa 
| heavy 


AN. ESSAY ON ELECTRICITY. 439 


heavy chair in the room. Fig. 78, A B repre. 
fents part of the ftring of the kite which comes 
within the room, C the filk lace, DE a {mall 
prime conductor, which, by means of a {mall 
wire, is conneéted with the fring ofthekite; F 
a quadrant electrometer, fixed upen an infulating 
ftand, and placed near the prime conduétor ; G 
a glafs tube about 18 inches long, gna ball and 
wire of brafs, which are fixed to the glafs tube. 
This finall inftrument is ufeful to determine the 
quality of the electricity, when it is not fafe to 
conie near the ftring. This is effected by touch- 
ing the ftring with the wire, which takes a fuffi- 
cient quantity from it to afcertain thereby the 
quality of the electricity, either by the attraction 
and repulfion of light balls, or the appearances 
of the elettric light: or it may be afcertained 
by a Leyden phial, which will retain a charge 
for a confiderable time; and then the kite need 
not be kept up any longer than is neceflary to 
charge the phial, by which the quality will be 
dhewn even at fome days diftance. 
. Ifa charged phial is carefully kept from any 
#f thofe.means by which it is known to be dif- 
charged, it will retain it’s charge for a long time. 
‘On this prisciple the above-mentioned phial is 
_conftructed; the bottle is coated in the ufual 
manner; the uncoated part of the glafs is co- 
vered with wax, or elfe well varnifhed; a glafs 
| Ff a tube, 
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tube, Esta is open at both « ends, is cemented 
into ‘the neck of. this phial,_ having 2 a piece of 
tin- -foil connegted with it’s loweft extremity, 
which touches the, infide non-electric ‘Coating. 
A glafs | handle i is fixed to the ball. on the’ wire 
which patfes i into the foregoing plats tube; the 
wire is of a proper length to ‘touch the tin- foil 
which i is at the bottom of the tube... Charge this 
bottle i in the ufual manner, and then take out. the 
wire from the glafs tube by means of, the _glats 
handle. This may be done without, di {charging 
the phial ; “and, as the fire cannot now {cape 
eafily, the charge of a phial may be ye! glerved 
for many | weeks. wile 

Fig. 80 reprefents a very. fimple inftrument 


epheh 2 ae - 


(contrived by Mr, Cavallo) for making | experi- 
ments on the cleétricity | of the atmofphere,_ and 
which, on feveral accounts, appears to be the 
| beft for the purpofe. A B is a common jointed 
fifhing-rod, without the laft or fmalleft joint : 
from the extremity of this rod proceeds a {mall 
glafs tube C, covered with fealing-wax, a ‘cork 
D is fixed at the end of i it, from which an elec- 
trometer with pith balls is ‘fufpended. HGI 
is a piece | of twine fattened to the other extre- 
mity of the rod, and fupported < at G by a fall | 
ftring FG. At the end of the twine Ta pin is 
faftened, which, when pufhed into the cork D, 
renders the electrometer E uninfulated. When 
; the 
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“phe electricity of the atmofphere is obferved with 
this inftrumenr, thruft the pin T i into the cork 
D, and hold the rod by the lower end A; place 
It out of a window. at ‘the upper part: of. the 
houfe, raifing the end of the rod with the elec- 
trometer, fo as to make an angle of so or 60 
degrees with the horizon. ‘Keep the inftrument 
in this fituation for a few feconds, then pull the 
twine at H, and the pin will be difengaged. from 
the cork’ D; which operation caufes the tring. 
to drop ‘in the dotted fituation K L, and leaves 
the eletrometer infulated, and electrified with 
an electricity contrary to that of the atmofphere. 
This being done, you may draw the electrometer 
into the room, and examine the quality of ithe 
electricity, without obitruction either from wind 
or darknefs. | 4 
“The aurora borealis feems not to’ affece the 
ele&tricity ‘of the kite. | 
The electrical {park taken from the ertivit 
of the Kite, or from any infulated conductor 
conneétéd with it, efpecially when it does not 
rain, is feldom longer than a quarter of an inch, 
but it is ‘exceedingly pungent. When the index 
of the eletrometer is not higher than 20°, the 
perfon who takes the fpark will feel the effects 
of it in his legs; it appears more like the dif 
phates of an electric jar, than the fpark taken’ 
from 


442 AN ESSAY ON ELECTRICITY. . 


from the prime conan of an electrical ma- 
chine. 

The ele@tricity aa che ‘kite. is in sais] 
pee ie or weaker, according as the ftring is 
longer or fhorter; but it does not keep any exact 
proportion to it. For inftance; the electricity 
brought down by a ftring of an hundred yards 
may raife the index of the cle&lrometer to 20°, 
when with double that length of firing the index 
_of the ele€&trometer will not go higher than 25°. 

_, When the. weather is damp,.and the elece. 
tricity is pretty ftrong, the index of the electro- 
meter, after taking a {park from the ftring, or 
prefenting the knob of a coated phial to it, rifes 
furprifingly quick to it’s ufual place, but in dry 
or warm weather it rifes exceedingly flow. _ | 

It appears, from the obfervations which have 
been made on the eleétricity of the atmofphere, 
that nature makes great ufe of this Auids in pro- 


 -moting vegetation. 


a, Inthe fpring, when wal begin to grow, 
then temporary electrical clouds begin to ap- 
pear, and pour forth electric rain. The elec- 
tricity of the clouds and of the rain continues to 
increafe, till that’ part of the autumn in which 
the laft fruits are gathered. | 

2. It is this fluid which fupplies common 
fire with that moifture, by the help of which it 
i actuates 
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actuates and animates vegetation : .it is the agent 
that collects the vapours,forms the clouds, and 
is then employed to diforder and iii them 
in rain. | 
3. From the Gone ivciple may i ei 
the proverb, that Nowatering gives the country fo 
fmiling a look as rai. The clouds of rain, by 
extending their eleCtric atmofphere to the plants, 
difpofe the pores of the latter to receive with 
greater facility the water which is impregnated 
with this penetrating and dilating fluid. Befides, 
it is natural to fuppofe; that the pofitive electri- 
city, which continually prevails in ferene weather, 
will contribute to promote vegetation, fince this 
has been tin be the effect of even artificial 
i egiabpdicily i 
Of the. liephcions of Meteorology, So sae as 
. Barometrical, Thermometrical, and Hygrometri- 
cal Obfervations are not accompanied with the 
regular Obfervation of ibe Eleétricity of the At- 
mofphere, of the Eleéricity of Rain, Snow, 
Mifts, and aqueous Meteors in general. By 
Mr. Acuarp. 
As it is now clearly afcertained, that electri- 
city is a caufe of various meteorological pheno- 


mena, it is rather furprifing that philofophers 
have 
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have not perceived the abfolute neceffity of . 
joining an inftrument, by which obfervations 
may be made’on the ele¢tricity of the atmofphere, 
to thofe which indicate it’s weg hem aie 
doe if | 
Without confidering i in wa place the diferent 
whois of the influence of eleétricity on meteors, 
at will be fufficient to remark,” that: we cannot 
attain to an adequate knowledge of any phzno- 
mena, occafioned by the concurrence of various 
_caufes, without “being acquainted with them 
all; for if any one is negleéted, it will be abfo- 
Jutely impoffible thoroughly to explain. the 
phenomena. If electricity is not the fole caufe 
of feveral meteorological. appearances, it is 
undoubtedly concerned more or lefs in :their 
formation; fo that by neglecting to obferve it, 
as well as the barometer, &c. we lofe the fruits 
of other, even very i meteorological ob- 
fervations. 

The influence of elegtricity on vegetation is 
proved by a {et of obfervations made by different 
philofophers; but it evidently appears, that the 
botanical meteorological obfervations alone will 

never be fo ufcful as might be expected, till we 

unite thofe made by an inftrument which will 
indicate the electric {tate of the atmofphere, to 
thofe made with other inftruments. It is owing 
te 
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to this caufe, perhaps, that it is impoffible to 
-draw any conclufion from the botanical meteoro- 
logical obfervations of Mefirs. Gautier -and 
Duhamel, which v were continued from: 2 51 -to 
1769. “) 
~ Mr. Achard has had an GBBBHAES of iiss 
a few obfervations, but they were fufficient to 
convince him of the intimate conneétion that 
fubfifts between the formation of the moft part of 
meteors, and atmof] pherical. electricity. Goyeciar 
To difcover if the atmofphere was electrical, 
he made ufe of a pair of light pith balls, which 
were attached to a refinous rod. This electro. 
meter, from it’s fimplicity, i8 almoft preferable 
to any other for merely difcovering si electri- 
city exifts in the atmofphere. hia 
During the month of July, 1778, Mr. Achard 
obferved daily the electricity of the ‘atmofphere 
inthe morring, at noon, and im the evening, 
with a pair of {mall pith balls, which were placed 
above the roof of the houfe; above 4o feet high, 
and fufficiently diftant from buildings, trees, 
&c. During the whole time there were only 10 
days which gave no figns of electricity; 17 days, 
‘including the foregoing 10, in which he could 
obferve no electricity in the morning, though it 
became very fenfible at noon, and was very 
qauch increafed towards the fetting of the fun. 
2 Every 
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Every other day he found the air electrical during 

the whole day, but always ftrongeft a little be- 
fore fun-fet, a fhort time after which’ it — 
again to diminifh. rey 

If in ferene weather the fky Nev fuddesty 
‘cloudy, the electrometer indicated continual 
changes in the electricity of the atmofphere ; 
fometimes increafing, then difappearing, then 
re-appearing ; in which cafe it had generally 
changed from pofitive to negative, or vice ver/a. 
In windy weather he found it difficult to obferve 
with the electrometer, on account of the con- — 
tinual motion of the balls. It feemed to vary 
confiderably when the air was heavy, but not 
windy. When the weather was very calm, and 
the fky without clouds, the electrometer did not 

‘alter in the leaft, except towards fun-fer, when 
it increafed in a {mall degree. 

Ie is remarkable, that in thofe days in which 
he obferved no eletricity in the air, there-was — 
no.dew at night; while on the.other nights, it 
fell in greater or lefs quantities. He does not 
think thofe obfervations are fufficient to deter- 

 -mine, that the dew is occafioned by electricity; 
but it may, he thinks, be fairly inferred, that 
the elevation and fall of the dew is obftructed or 
promoted by the electricity of the air. It is 
eafy to point out in what manner electricity may 

produce 
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produce the effect. Let us-fuppofe the air to 
be either pofitively or negatively electrified, but 
the furface of the globe where we are not to be 
fo; the aqueous and volatile parts of the vegeta- 
bles exhaled by the rays of the fun, and fufpended 
in the air, will become electric by communica~ 
ion. The air cooling by the abfence of the 
folar heat, will not, after the fetting of thé fun, 
retain the aqueous particles with the fame force ; 
and thefe being attracted by the non-electric 
bodies which are’ on the furface of the earth, 
their fuperficies will be covered with dew. Again, 
let us fuppofe that the furface of the earth is 
electrical, but that the air is not electrical, and 
the effect will be firnilar to the preceding cafe. 
. If the air and the earth are both electrified, but 
with: contrary’ powers, the attraction will be 
{tronger and the dew more abundant; but no dew 
will fall if they are both poffeffed of the fame 
power, and in the fame degree. It is known, 
that the dew does not fall with the fame facility 
upon all bodies, and that electric bodies are 
thofe on which it falls with the greateft abun- 
-dance.” This fact admits of an eafy explanation, ; 
«if we fuppofe electricity to be the caufe of the | 
dew; for the electric bodies do not readily re- 
ceive electricity from the medium: which: fur- 
rounds them ;#there is, therefore, always. a 

: greater 
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greater difference between the electricity of thé 
air and that of the electrics which are placed i in 
it, than between the electricity of the air and 
the conducting bodies which it envelopes. ‘Now 
jt is in the ratio of this difference that. the 
power of electric attraction acts, . and confe- 
quently thefe bodies ought to be. covered more 
abundantly with dew. __ | 

As electricity is often, if not t always, the anes 
of dew, no one will doubt the neceflity of attend- 
ing to it in the botanical meteorology, as every 
one is acquainted with the influence of dew on 
the growth, of vegetables. 

‘In the Phil. Tranf, for, 1773, are atest: : 
tions on the electricity of fogs; which prove that 
they are generally electrical. Mr. Achard has 
made feveral obfervations, the refults of which 
correfpond entirely with thofe; for he conftantly 
found that the air was more or lefs electrified 
bya fog. Twice he obferved, that in the {pace 
of afew minues the fog ceafed altogether, and 
fell in form of a fine rain; and though it was 
“very thick, difappeared in about feven minutes. 
It is alfo very probable that rain is occafioned 
_ by electricity ; and of this we fhall be convinced, 
if we confider the attractions and repulfions that 
the terreftrial or atmofpheric electricity muft 
occafion, as well between the furface of the globe 
; and 
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and the vapours contained in the air, as between 
the particles of vapour which always neceflarily 
tend to difperfe or unite the aqueous particles 
which {wim in the atmofphere, and tobring 
them nearer, or carry them farther from the 
earth. 


Mr. De Saussure’s Ob/ervations on the Almo- 
Si Phericat Eleciricity. 


The intenfity of the atmofpheric electricity is 
varied by a great many circumftances, forme of 
which may be accounted for, others cannot. 
When the weather is not ferene, it is impoffible 
to affign any rule for their variation, as no re 
gular correfpondence can then be perceived with 
the different hours of the day, nor with the va- 
rious modifications of the air. The reafon is 
evident ; when contrary and variable winds reign 
at different heights, when clouds are rolling ovet 
clouds, thefe winds and clouds, which we can- 
not perceive by any exterior fign, influence how- 
ever the ftrata of airin which we make our expe- 
riments, produce thefe changes of which we only 
fee the refult, without being able toaffign either 
the caufe, orit’s relation. ‘Thus, in ftormy wea- 
ther, we fee the electricity ftrong, then null, and 
in a moment after arife to it’s former force ; one 
in{tant pofitive, the next negative, without being 

Gg able 
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_ able to affign any reafon for thefe changes. Mr. 
De Sauffure fays, that he has feen thefe changes 
fucceed with fuch rapidity, that he had not time 
to note them down. 

When rain falls without a ftorm, thefe changes 
are not fo fudden; they are however very irre- 
gular, particularly with refpect to the intenfity 
of force; the quality thereof is more conftant. 
Rain, or {now, almoft uniformly gives pofitive 
electricity. 

In cloudy weather, without rain or ftorms, the 
electricity follows generally the fame laws as in 
ferene weather. 

Strong winds generally diminifh it’s inten- 
fity, they mix together the different ftrata of 
the atmofphere, and make them pafs fuccef. 
fively towards the ground, and thus diftribnte. 
the electricity uniformly*between the earth and 
the air; Mr. De Sauffure has obferved a ftrong. 
ele€tricity with a {trong north wind (/a 4z/e.) 

The ftate of the air, in which the electricity 
is ftrongeft, is fogey weather; this is always ac- 
companied with electricity, except when the 
fog is going to refolve into rain. 

The moit interefting obfervations, and thofe 
_which throw the greateft light upon the various: 
modifications of electricity in our atmofphere, 
are thofe that are made in ferene weather. In 
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winter, ‘during which moft of Mr. De Saufa 
fure’s obfervations were made) and in ferene 
weather, the electricity was generally weakeft it 
the evening, when the dew had fallen, until the 
moment of the fun’s rifing; it’s intenfity after= 
wards augmenied by degrees, fometimes fooner, 
and femetimes later ; but generally before noon, 
it attained a certain maximum, from whence it 
again declined, till the fall of the dew, when it 
would be fometimes ftronger than it had been 
during the whole day; after which, it would 
again gradually diminifh during the whole 
night; butis never quite deftroyed, if the wea- 
ther is perfectly ferene. 

Atmofpherical electricity feems, therefore, 
like the fea, to be fubject to a flux and reflux, 
which caufes it to increafe and diminith twice 
in 24 hours. The moments of it’s greateft force 
are fome hours after the rifing and fetting of 
the fun; thofe when it is weakeft, precede the 
rifing and fetting thereof. This will be further 
explained in the following pages. | 

Mr. De Sauffure has given an inftance of this 
periodic flux in electricity, on the 22d of Fe- 
bruary, 1785, (one of the coldeft days ever re- 
membered at Geneva;) the hygrometer and 
thermometer were fufpended in the open air, 
@n a terfac€ expofed to the fouth-weft; the 
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electrometer, from it’s fituation, indicated an 
electricity equal to what it would have fhewn 
if it had been placed on an open plain. The 
height of the barometer is reduced to what it 
would have been if the mercury had been con- 
flantly at the temperature of 10 degrees of 
Reaumur’s thermometer. The place of obfer- 
vation was elevated 60 feet above the level of 
the lake. The obfervations of the day prece- 
ding and following this great cold, are inferted 
in the following table; becaufe it is pleafing to 
have the obfervations which precede and follow 
any fingular phenomena. There was a weak 
S. W. wind during the whole three days; and 
it is rather remarkable, that moft of the great 
colds, which have been obferved at Geneva, 
were preceded by, or at leaft accompanied with, 
a little S, W. breeze. 


TABLE 
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Baromet 
feet in height. es Wee Hygrom. Electrom. 


206 6 7 3 3 | 2 o | Pale fun, cloudy 
26. 6 5d oma 9 83 Ochs Bright fun 
266 1|/—02| 69 6] 1 1 | The fame 
266 1})— 23] 77 241 4 | Setting fun 
266 o}— 5 2| 85 1 o | Cloudy in the S, W. 
266 21|— 6 8| 89 1-8 | Perfeétly clear 
26 6 3} —10 0[ 95 2 0 | Idem 
266 3]—10 6|97 5]1 8] Idem 
266 11/—9 9] 95 1 2 | Little cl. at horiz. S, 
26 6 oO} —12 3|99 1]1 5] IdmoretoS, W. 
a6 hay 1 —512'5 |) se fis | idem 
26 6 o | —14 3] Idem |o 9 | Idem 
26°6 8] —14 5 | Id. 1 2 | Clo. incr. & approa, 
20 5 ‘7 | —45 o| Id. o 8 | Clear 
RO ee a Pt el 1 2 | Light fog 
26 5 2|—14 2| Id. 1 1 | Idem 
26 4 15 |—10 7 | Id. | 1 6 | Idem 
26 4 13 z 8 2| Id. 2 2| Thicker fog 
4 3|— 4 8] Id. chats 
26 4 o|—49| Id. 1 7 | Idem 
26 314] + o 6| 82 | 1 4 | Weak fog, pale fun 
26 3 13|—o09| 81.911 1 | Cloudy pale fun 
26 313}— 4 3| 89 1 2 | Lefs cloudy 
634/44} 0 2 apm kee a A 
26 9 14{— 61] 94 1 7 | Idem 
26 3 13 py Se 5 9 Id. 3 7 Clou, fog in S..W. 
ie 4 1 | Id | 1 o | Clou. with more fog 
265 oj/—10/]81 341 2} Idem 
26 5-5 |—oo0] 76 o 8 j Idem | 
26 6 8 | sv. 4 TO Id. | Cloudy pale fun 
26 6 14] — 0 8 i og: Cloudy 
hy ania ey o 8 | Idem 
267 9|/— i 7/79 7 | 22] Veryclear 
26 7.14|— 3 7} 87 3] 1-7] Cloudy 
269 1]— 30] 92 °o 5 | More fo 
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From the firft 18 obfervations of this table, 
when the {ky was quite ferene, we fee that the 
eleftricity was pretty ftrong at 9 in the morn- 
ing, that from thence it gradually diminifhed 
till towards 6 in the evening, which was it’s firft 
minimum ; after which it increafed again till 8,. 
it’s fecond maximum, from whence it again 
gradually declined till 6 the next morning, 
which was the time of it’s fecond minimum; 
after which, it again increafed till ten in the 
morning, which was the firft maximum of the 
following day; as this was cloudy, the electric 
periods were not fo regular, 

The electricity of ferene weather is much 
weaker in fummer than in winter, which ren- 
ders it more difficult.to obferve thefe gradations. 
0 {ummer than in winter; befides a variety of 
accidental caufes, which at ‘the fame time render 
them more uncertain. In general, in fummer, 
if the ground has been dry for fome days, and 
the air is dry alfo, the electricity increafes, 
from the rifing of the fun till 3 or 4 in the | 
afternoon, when ir is flrongeft; it then dimi- 
nithes till the dew begins to fall, which again 
_ yeanimates it; though after this it declines, and 
is almoft extinguifhed during the night. 

But the ferene days that fucceed rainy wea~ 
ther in fummer, generally exhibit the fame diur- 
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nal periods or ftates of electricity, as are to be 
obferved in winter. 

The air is invariably pofitive in xahd wea- 
ther, both in winter and f{ummer, day and night, 
in the fun or in the dew. It would feem, there- 
fore, that the electricity of the air is effentially 
pofitive, and that whenever it appears’to be ne- 
gative, in certain rains or in ftorms, it probably 
arifes from fome clouds, which have been ex- 
pofed to the preffure of the electric fluid con- 
tained in the upper part of the atmofphere, or to 
more elevated clouds, that have difcharged a 
part of their fluid upon the earth, or upon other 
clouds. 

In order to find out the caufe of thele phae- 
nomena, Mr. De Sauffure inftituted a fet of exe 
periments. on evaporation, avoiding the ufe of 
Mr. De Volta’s condenfer. 

‘To produce a ftrong evaporation, ss threw a 
mafs of red hot iron into a {mall quantity of 
water, which was contained in a coffee-pot, 
with a large mouth, and fufpended by filk 
{trings; by this he obtained.a ftrong pofitive 
electricity, though, according to. Mr. Volta’s 
fyftem, it ought to. have been negative; the ex- 
periment was repeated feveral times, varying 
fome of the circumftances, but the refult. was 
always the fame. 

As it was not eafy to think fo diy a philofo. 
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pher as Mr. Volta was deceived, it was necef- 
{ary to try the experiment in a manner more 
‘analogous to that of Mr. Volta. A {mall cha- 
fing-difh was therefore infulated by filk cords, 
and the coffee-pot, with a fmall quantity of 
water placed on it; one electrometer was con- 
‘nected with the coffee-pot, and another with 
the chafing-difh; the fire was raifed by a pair 
‘of bellows; when the water had boiled ftrongly 
for a few minutes, both electrometers exhibited 
figns of electricity, which, on examination, was 
found to be negative; proving the truth of Mr. 
- Volta’s experiment. The evaporation produced 
by the effervefcence of iron in the vitriolic acid, 

and by that of chalk in the fame acid, gave allo 
negative electricity. 

It was now neceflary to inquire, why the va- 
pour, excited by the heated iron, produced 
pofitive eleétricity; while that from boiling 
water, in any other way, Presheed a negative 
electricity. 

Mr. De Sauffure fufpected, that the sncahi 
of heat to which the water is expofed, by the 
contact of a body in a ftate of incandefcence, 
was the caufe of the electricity produced by it’s 
evaporation, and that a combination was then 
formed, by which a new quantity of the electric 
fluid was produced. This conjecture may at 
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firft fight feem improbable; but the quantity 
of electricity produced by this experiment, will 
aftonifh thofe that repeat it; and this quantity 
is the more furprizing, beécaufe, if it is true, ac- 
cording to the fyftem of Mr, Volta, that vapours 
abforb, while they are forming, a quantity of 
the elelric fluid, there muft, therefore, be 
enough developed in this experiment, for the 
formation of the great quantity of vapours pro- 
duced by the heated iron, and afterwards a fuf- 
ficient quantity to electrify ftrongly the appa- 
ratus, and all thefe vapours. 

This experiment fhews clearly the caufe of 
that prodigious quantity of electricity, which is 
unfolded in the eruption of volcanos; as it is 
probable, that the water in thefe, from many 
circumflances, acquires a much greater degree 
of heat than is given to it in our experiments. 

To verify this conjecture, that it was in fome 
meafure the combuftion of the water, or the 
iron, that produced the pofitive ele€tricity, it 


was proper to try whether, by a regular mode- . 


ration of the heat of the iron, pofitive electricity 
would always be obtained. ‘This was eflayed 
in the following manner: A large iron crucible, 
s inches high, 4 in diameter, and 6 lines thick, 
was heated red hot, then infulated ; after which, 
{rpall quantities of water were thrown into it, 
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each, projection of the water cooling more and 
more the crucible; thus defcending by degrees, 
till there was only fufficient heat to boil. the 
water; carefully obferving, and. then deftroying 
the electricity produced at each projection. The 
electricity was always pofitive or null; at the 
fir{t projections it was very ftrong ; it gradually 
diminifhed to the twelfth, when it was fcarce 
fenfible, though always with a tendency to be 
pofitive. 

. On repeating this experiment, and varying it 
in different ways, a remarkable circumftance 
was obferved; when a {mall quantity of water 
was. thrown into. the crucible, the moment it 
was taken from the fire, while ic was of a pale 
red, approaching what is called. the white heat, 
no electricity was obtained. 

This. fact. feemed to have fome connection 
with another mentioned by Muflchembrock, that 
water evaporates more flowly on metal, or any 
other incandefcent body, than on the fame body, 
heated only a {mall degree above boiling water. 
To examine this relation, and to find whether 
there was any between the periods of evapora- 
tion and the produétion of eleclricity, Mr. De 
‘Sauflure made a great number of experiments, 
which are moft accurately defcribed in his ex- . 
ecllent work; but as the detail] would be much 
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too long to be introduced in this Work, I muft 
content myfelf with prefenting the reader with 
the heads thereof, and a defcription of the ap. 
paratus. 

The apparatus confifted of a pot of aa well, 
baked or annealed, 15 lines thick, and 4 inches 
diameter; this was infulated by a dry glafs gob. 
let; upon this pot was placed the crucible, or 
any other ieated fubftance, on which the water 
was to be thrown, in order to be reduced into 
vapours; the crucible was contiguous to a wire 
connected with an electrometer; a, meafure, 
containing $4 grains weight of diflilled water, 
was thrown upon the heated crucible; the time 
employed in the evaporation thereof was ob- 
ferved by a fecond watch; the electricity pro- 
duced by this evaporation was noted, When 
this meafure of water was reduced into vapour, 
the electricity of the apparatus is deftroyed, and 
a frefh meafure of water is thrown into the cru- 
cible, proceeding in the fame manner, till the 
crucible is almoft cold, 

The firft experiment was. with an iron cru-~ 
cible, from which it was found, that Muf- 
chembrock was not right, in faying that the 
evaporation was floweft when. the iron was hot- 
refit; for at the inftant it was taken from the 
fire, it required is feconds to evaporate the 

water, 
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water, and took more time till the third pro- 
jection, when it took 35 feconds, though from 
that period it employed lefs time, or in other 
words, the evaporation accelerated in propor- 
tion as the iron cooled. 3 

“With refpect to the electricity, it was at firft 
©, then pofitive, afterwards negative, then o, 
and afterwards pofitive to the end of the expe- 
riment. ‘The vapour was not vifible till the 
ath projection. ) 

In the fecond experiment with the fame cru- 
cible, though every endeavour was made ufe of 
to render them as fimilar as poffible, the elec- 
tricity was conftantly pofitive. RG 

~The third experiment was with a copper 
crucible ; here alfo the electricity was pofitive, 
and the longeft time employed in evaporation 
was not the infiant of the greateft heat. It was 
very curious to fee the water endeavouring to 
gather itfelf into a globule, like mercuty on 
glafs, to’ be fometimes immoveable, and then 
to turn on itfelf horizontally, with great rapi- 
dity ; “fometimes throwing from fome of it’s 
points a little jer, accompanied with an hiffing 
noife. 

‘The fourth experiment was with the fame 
crucible; the electricity was at firft negative, 
then conftantly pofitive. | 

| The 
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The fifth was with a crucible of pure filvers 
a confiderable time was employed here in eva- 
porating the fame quantity of water; even in 
the inftant of the greateft heat it took 5 minutes, 
6 feconds ; the ele€lricity was weak, three times 
no electricity was perceived, five times negative 
electricity was difcovered. 

In a fixth experiment with the fame crucible, 
a pofitive electricity was obtained, at the fecond 
projection, after which none of any kind was 
perceived. 

The feventh with the paths gave at firfta 
{trong negative electricity, the fecond and third 
projection gave a weak pofitive electricity. ) 

The eighth was made with a porcelain cup; 
here the evaporation was flower at the fecond, 
than the firft projeétion; but from this it took 
longer time till it was cold, contrary to what 
happened with the metals; the electricity was 
always negative. . 

Tie ninth and tenth experiments with the 
fame c cup, produced fimilar effects. 

The eleventh experiment was with fpirits of 
wine in a filver crucible; here there was no 
electricity produced at the two firft projections, 
and what was afterwards obtained was negative. 

Twelfth experiment with ether; here thé 
electricity was alfo negative. ‘Thefe two in- 
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flammable fluids, in evaporating, followed the 
fame laws as water, being diflipated at firft moft 
rapidly in the greateft heat, afterwards taking a 
longer and longer time before they were evapo- 
rated, toa certain period, then employing lefs 
time, or evaporating quicker, till the crucible 
was nearly cold. , 

Now as china and filver always produced ne- 
gative electricity, while iron and copper have 
generally given pofitive electricity, we may con- 
clude, that electricity is pofitive with thofe 
bodies that are capable of decompofing water, 
or of being decompcfed themfelves by their 
contact with the water; and negative with thofe 
which are not at all decompofed or altered. 

_ From hence Mr. De Sauflure conjectures, that 
the electric fluid may be looked upon, as formed 
by the union of fire with fome unknown prin- 
ciple, perhaps a fluid analogous to inflammable 
air, but exceedingly more fubtil. This analogy 
feems to him fufhciently proved by the inflam- 
mation of the electric fluid, and by the diminu- 
tion of the air in which this inflammation is: 
made. Though many doubts have been at- 
f tempted to be thrown on this inflammation, 
there feems to be one reafon which forces us to 
admit i it, which is the lofs of a quantity of this 
fluid at every fpark ; we may diminifh at plea- 
fure 
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fure any quantity of this fluid, (en le faifant et- 
inceler) by taking a number of {parks from it. 
From whence alfo it may be inferred, that a 
confiderable Sao ay is deftroyed bine cay by 
thunder. 

According to this fy tem, bien the operas 
tion, which converts water into vapour, pro- 
duces at the fame time a decompofition, it then 
generates the eleétric fluid. A part of this fluid 
combines itfelf immediately with thefe vapours, 
and ferves even to form them. The vefiil, m 
which this operation is performed, will acquire 
a pofitive electricity, none at all, or a negative; 
according as the quantity of the fluid generated 
is fuperior, equal, or inferior to that which the 
formation of the vapours confumes.. When no 
decompofition accompanies the evaporation, the 
electricity ought to be conitantly negative, be~ 
caufe there is nothing to replace the quantity of 

this fluid, which is nanan in iting the 
| vapour. 

If in the foregoing experiments, thofe fub- 
ftances which were fufceptible of calcination 
had conftanzly given a pofitive electricity, and 
. thofe which do not calcine had always given the 
negative; every thing would have been Xe 
plained by thefe principles, and they would 


thence have acquired a greater degree of pro- 
bability. 
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bability.. But the phenomena have not always 
followed this law. We have feen iron and cop- 
per fometimes give a negative electricity, and 
filver the pofitive. The firft cafe is not diff- 
cult to account for; it is well known with what 
facility iron and copper calcine in a brifk fire; 
they become covered with a fcaly cruft, which 
is not fufceptible of any further alteration with 
the fame heat. If the bottom of the crucible 
acquires this crufty coating, the drop of water 
placed thereon will be no longer in contact with ° 
a calcinable fubftance; there will be no further 
decompofition, no generation of the electric 
fluid: the vapours, however, which are {till 
formed, will abforb a part of the fluid naturally 
contained in the apparatus, and this will there- 
fore be electrified negatively. If fome of the 
{cales fhould be fo far detached, that the water 
may gain fome points of contact, the quantity 
thus generated may compenfate for what is ab- 
forbed by the vapours, and thus the electricity 
will be null.’ If more are’ detached, it will 
fuper-abound and be pofitive. From the fame 
reafons, a large mafs of water, by attacking the 
iron in a greater number of points, always gives 
pofitive electricity; and hence, alfo, a ftrong 
pofitive electricity is obtained, by throwing a 
piece of red-hot iron into a mafs of water. 

I le 
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It is not fo eafy to explain why filver gives » 
fometimes a pofitive electricity, but by fuppof= 
ing it to have been mixed: with fome fubftances, 
capable of calcination; and this the more, as 
the white porcelain always gave negative elec- 
tricity. This fuppofition was verified by fome 
fubfequent experiments, in which the fame {il- 
ver, when purified, always gave a negative elec 
tricity. 

Mr. De Sauffure owns himfelf incapable of 
explaining why heated charcoal always gives ne= 
gative electricity; unlefs it can be attributed 
to the promptitude with which fo rare a fub- 
ftance lofes it’s heat, by the contact of water. 

One fact aftonifhed him, namely, that by 
combuftion properly fo called, although it is an’ 
evaporation, nay, the higheft degree of evapo- 
ration, he never obtained any figns of eleétri- 
city; though he tried to obtain it in a variety 
of ways. Probably, the current produced by 
the fame, difperfes and diflipates the electri- 
city as foon as it is formed. The cafe, how- 
ever, muft not be looked upon as general, be- 
caufe Mr. Volta obtained figns of electricity 
from bodies in comBuftion, by means of his 
condenfer. | 

Another fingular fact was, his not being able 
to obtain electricity without ebullition, though 

Hh he 
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he endeavoured to compenfate by the quantity 
of furface for the quantity of vapours that were 
elevated by beiling water; and indeed, the fame 
quantity of water, if extended over too large a 

furface, will not give any electricity. 
Notwithflanding the uncertainty thefe expe- 
riments throw upon the fyftem, it docs not at 
prefent feem poffible to find another reafon, 
which fo fatisfactorily accounts for the pofitive 
electricity which reigns in the air. The pro- 
digious quantity of this fuid, which continually 
defcends from the upper part of the atmofphere, 
. filtrating through the air to penetrate the inte- 
rior parts of the earth, muft neceflarily be 
brought back again by fome means ;. for other- 
wife, the air would be exhaufted of it’s fluid, or 
the earth would be faturated. ‘The perpetual 
- circulation of this fluid, which is carried on by 
means of vapours, is a firiking circumftance ;. 
it rifes.invifible and inactive, concealed in their 
bofom, but difplaying afterwards it’s energy. 
When the vapours have changed their form, it 
_defcends active, animated with a penetrating. 
and expanfive force ; the tops of trees, the points 
of leaves, the beards of different grains, attraét 
and force it to pafs through the vegetables, of 
which it becomes, (perhaps) when decompofed, 
the moft active and favoury part. This alfo 
may 
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“may be one of the reafons, why exercife in the 
open air is much more conducive to health than 
that which is taken in covered or clofe places ; 
for it feems evident, that the foft and gentle 
electrization, which every one mutt partake of 
in the open air, muft have an influence upon 
our organs, on the circulation of the blood, the 
fecretion of the humours, and infenfible tranf. 

piration. | 
In further purfuing this fubject, we mutt con- 
fider, that vapour fometimes acts as the pro- 
ducing caufe of aerial electricity ; at other times, 
as a conductor of this fame fluid; and fome- 
times, both together. ‘Towards the end of the 
night, the electricity of the air is very weak, 
either becaufe there is no evaporation, or be- 
caufe the humidity of the preceding evening, 
and that of abe fore part of the night, have 
tranfmitted to’the earth the electricity that was 
accumulated in the air: but as foon as the fun 
warms the earth, and in proportion as he rifes 
above the horizon, the acrial electricity aug- 
_ ments; becaufe the vapours, which then rife, 
carry this fluid into the air. But when the fun 
has attained the meridian, the heat increafes in 
a greater proportion than the evaporation, the 
air becomes dry, and hardly tranfmits the fluid 
which is accumulated in the upper part of the 
Hh 2 | atmo- 
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atmofphere; the electrometer, therefore, exhi- 
bits lefs figns of electricity, though it is ftill 
accumulating in the upper part of the atmo- 
{phere. : Laftly, when the fun is near fetting, 
the air grows cool, becomes humid, and tranf- 
mits more abundantly to the earth the electric 
fluid that was accumulated in the higher re- 
gions; the electrometer, therefore, rifes again _ 
with the dew, till two or three hours after fun- 
_ fet, when the air is exhaufted, and the electri- 
city again diminifhes till the next day. h 
In fummer, the electricity of a ferene atmo-— 
{phere is much weaker than in winter, and that, 
becaufe the air is then warm and dry, to a 
greater height, and therefore refifts more pow- 
erfully the tranfmiffion of this fluid, that is ac- 
cumulated in the higher regions of the atmo- 
fphere. This uninterrupted accumulation ac- 
counts at the fame time, very naturally, for the 
violence and frequency of f{torms at this feafon. 
But the increafe of electricity, from the heat of 
the fun, in the dry and hot days of fummer, 
from it’s rifing, till four or five in the after- 
noon, is not fo eafily accounted for. It is not 
improbable, that the dry exhalations frorn the 
earth, which are occafioned by the heat, may 
produce this augmentation of electricity, and 
favour the defcent thereof from the upper part 
of 
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of the atmofphere. It appears, however, in 
general, both in winter and fummer, that when 
the air is perfectly tranfparent, the aerial elec- 
tricity always diminifhes in the hetteft part of 
the day. It is known, that the air is generally 
moft tranfparent and difengaged from vapours, 

in the ferene weather that follows great or heavy 
rains.—Mr. de Sauffure defires that this fyftem 
may be only looked upon as fo many conjec- 
tures, propofed with a view to animate other 
philofophers to the obfervation of thefe phano, 

mena, and the inveftigation of their caufe, © 

The author refers alfo to his “ Effais fur 
’Hygrometrie”’ for the proofs, That the elec- 
tric fluid is only neceffary to form or fufpend 
the grofs veficular vapours. ‘Thofe which are 
diffolved, or are elaftic, fupport themfelves by 
the expanfive force, which they acquire from 
the element of fire combined with them, with. 
out the affiftance of any other agent. And 
thefe grofs vapours, which require the electric 
fluid for their formation, part with it, if they 
are refolved into water, or into an elaftic fluid. 

Thus the grofs vapours that are formed in the 
morning of a fine day, and which difturb a little 
the tranfparency of the inferior ftrata of air, 
carry this fluid with them, but part with it 
when they come into a more pure and dry air, 


Hh 3 ' where 
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where they are diffolved, taking the form of an 
-elaftic fluid. , 7 
This explains.the diminution of the aerial 

electricity, where clouds are forming in an at- 
mofphere that was ferene ; for the electric fluid, 
which was diffeminated in the air, combines 
with the vapours when they take the veficular 
form; the ftrata, or ftriated appearance that is 
then feen among the clouds, which is one of the 
moft fure indications of rain, feem to, pro- 
nounce the prefence of the electric fluid, en- 
deavouring to reftore an equilibrium, and re- 
place that which has been employed in the for 
mation of the veficles, of which the clouds con- 
fift. Many experiments fhew, that this fluid, 
- condenfed by art, difpofes in parallel and con- 
verging lines, like the clouds, - thofe particles of. 
duft through which it is made to pafs; while 
on the other hand, the increafe of aerial elec- 
tricity, which is obferved when the air is getting 
clear and ferene after rain, arifes from this fluid, 

which the veficular oe part with when dif. 
folved in air. | 


Objervations and Experiments made by Dr. Priest- 
Ley on the Effecis of Electricity on different elaftie 
Fluids. 


EXPERIMENT CCXXxIx.—To change the blue 
colour of liquors, ie wed with vegetable Juices 


Cae 
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wed. ‘The apparatus for this purpofe is feen in 
fig.94. AB isa glafs tube, about four or five 
inches leng, and-one or two tenths of an inch 
diameter in the infide; a piece of wire is pat 
into.one end ef the tube, and dixed there with 
«cement ; a brafs ball is placed on the top of this 
wire; the lower part of the tube from a is to be 
filled with water, tinged blue with a piece of 
turnfole or archal. This is eafily effected, by 
fetting the tube in a veffel of the tinged water, 
then placing it under a receiver on the plate of 
the air-pump; exhauft the receiver in part, 
_and then, on letting in the air, the tinged liquor 
will rife in the tube, and the elevation will be 
in proportion to the accuracy of the vacuum; 
now take the tube and vefiel from under the 
receiver, and throw {trong fparks on the brafs 
ball from the prime conductor. 

When Dr. Prieftley made this experiment, 
he perceived, that after the electric fpark had 
been taken, between the wire 4 and the liquor 
at a, about a minute, the upper part of it began 
to look red ; in two minutes it was manifeftly fo, 
and the red part did not readily mix with the 
liquor. If the tube was inclined when the fparks 
were taken, the rednefs extended twice as far on 
the lower fide as on the upper. In proportion as 
the liquor became red, it advanced nearer to the 

| Hh 4 | Wire, 
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_ wire, fo that the air in which the fparks were 
taken was diminifhed; the diameter amounted 
to about one fifth of the whole fpace; after 
which, a continuance of the electrification pro- 
duced no fenfible effect. 3 

To determine, whether the caufe of the change 
of colour was in the air, or,in the electric mat- 
ter, Dr. Prieftley expanded the air in the tube, 
by means of an air-pump, till it expelled all 
the liquor, and admitted frefh blue liquor in 
it’s place; but after this, electricity produced no 
fenfible effect on the air or on the liquor; fo 
that it was clear, that the electric matter had 
decompofed the air, and made it depofit fome- 
thing of an acid nature. The refult was the 
fame with wires of different metals. It was 
alfo the fame when, by means of a bent tube, 
the fpark was made to pafs from the liquor 
in. one leg, to the liquor in the other. The 
air thus diminifhed was in the higheft degree 
noxious, | ie 

In pafling the electric {park through different 
elaftic fluids, it appears of different colours. In 
fixed air, the fpark is very white; in inflammable 
and alkaline air, 1t appears of a purple or red 
colour. From hence we may infer, that the 
conducting power of thefe airs is different, and 
that fixed air is a more perfect non-conductor 
than inflammable air. 


The 
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The {park was not vifible in air from a cauftic 
alkali, made by Mr. Lane, nor in air from {pirit 
of falc; fo that they feem to be more perfed& 
conductors of electricity than water, or other 
fluid fubftances. i 

The electric fpark, taken in any kind of oil, 
produces inflammable air. Dr. Prieftley tried 
it with ether, oil of olives, oil of turpentine, 
and effential oil of mint, taking the eleétric. 
{park in them without any air to begin with; 
inflammable air was produced in them all. 

Dr. Prieftley found, that on taking a {mall 
electric explofion for an hour in the {pace of 
an inch of fixed air, confined ina glafs tube 
one tenth of an inch diameter, when water was 
admitted to it, only one fourth of the air was 
imbibed. Probably the whole would have been 
rendered immifcible in water, if the electrical 
operation had been continued a fufficient time. 

The electric fpark, when taken in alkaline air, 
_ appears of a red colour; the electric explofions, 
which pafs through this air, increafe it’s bulk ; 
fo that, by making about 200 explofions, in a 
quantity of it, the original quantity will be fome- 
times increafed one fourth. If water is admitted 
to this air, it will abforb the original: quantity, 
and leave about as much elaftic fluid as’ was 
generated by the.electricity, and this elaftic fluid 
is a {trong inflammable air, 


Dr. 
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Dr. Prieftley found, when the electric foark 
was taken in vitriolic acid air, that the infide of 
the tube in which it was confined was covered 
with a blackifh fubffance. He feems to think, 
that the whole of the vitriolic acid air is con- 
vertible into this black matter, not by means of 
any union which it forms with the electric fluid, 
but in confequence of the concuffion given to it 
by the explofion; and that, if it be the calx of 
the metal which fupplied the phlogifton, it is not 
to be diftinguifhed from what metal, or indeed 
from what fubftance of ai kind, the air had 
been extracted, 

Dr. Prieftley made 150 explofions of a com- 
mon jar in about a quarter of an ounce meafure 
of vitriolic acid air from copper, by which 
the bulk was diminifhed about one third, and 
the remainder feemingly not changed, being 
all abforbed by water, In the courfe of this 
procefs, the air was carefully transferred three 
times from one veflel ro another; and the laft 
veffel, in which the explofions were made, was, 
to all appearance, as black as the firft; fo that 
the air feems to be all convertible into this black 
fubftance. 

Thinking this diminution of the vitriolic acid 
air might arife from it’s abforption by the cement, 
with which the i tubes employed i in the laft 

experiment 
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experiment were clofed, he repeated it with the 
air from quickfilver, in a glafs fyphon confined by 
quickfilver, and the refult was the fame. 

That this matter comes from the vitriolic 
acid air only, and not from any combination of 
the electric matter with it, will appear from the 
following experiment. 

He took the fimple electric {park from a con- 
ductor of a moderate fize, for the {pace of five - 
minutes without interruption, in a quantity of 
vitriolic acid air, without producing any change 
in the infide of the glafs; when immediately 
after, making in it only two explofions of a 
common jar, each of which might be produced 
in lefs than a quarter of a minute with the fame 
machine in the fame ftate, the whole of the 
infide of the tube was completely covered with 
the black matter. Now had the electric matter 
formed any union with the air, and this black 
matter had been the refult of that combination, 
all the difference that would have rifen from 
the fimple fpark or the explofion, could only 
have been a more gradual, ora more fudden 
formation of that matter. 

‘A large phial, about an inch and a half ae 
being filled with this air, the explofion of a 
very large’ jar, containing more than two feet of 
coated furface, had no effect upon it; from. 

which 
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which it fhould feem, that in thefe cafes, the 
force of the fhock was not able to give the 
quantity of air fuch a concuffion as was neceflary 
to decompofe any part of it. 

He had generally made ufe of copper, but 
afterwards he procured this air from’ almoft 
every fubftance from which it could be obtained ; 
the electric explofion taken in it produced the 
fame effect. But, as fome of the experiments 
were attended with peculiar circumftances, ee 
briefly mentions them, as follows. 

When he endeavoured to get vitriolic acid 
air from lead, putting a quantity of leaden thot 
into a phial containing oil of vitriol, and apply- 
ing only the ufual degree of heat, a confiderable 
quantity of heat was produced ; but afterwards, 
though the heat was increafed till the acid boiled, 
no more air could be got. He imagined there. 
fore, that in this cafe the phlogifton had, in fad, 
been fupplied by fomething that had adhered 
to the fhot. However, in the air fo produced, 
he took the electric explofion; and in the firft 
quantity he tried, a whitifh matter was produced, 
almoft covering the infide of the tube; but in the 
fucceeding experiments, with air produced from 
the fame fhot, or from fomething adhering to it, 
there was lefs of the whitifh matter; and at laft, 
nothing but black matter was produced, as in all 

the 
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the other experiments. Water being admitted 
to this air, there remained a confiderable refi. 
duum, which was very flightly inflammable. — 

Vitriolic acid air is eafily procured from fpirit 
of wine, the mixture becoming black before any 
air is yielded. ‘The electric explofion taken 
in this air alfo produced the black matter. 

The experiments made with ether feem to 
throw moit light upon this fubjet, as this air 
is as eafily procured from ether as any other’ 
fubftance, containing phlogifion. In the air 
procured by ether the electric explofion tinged 
the glafs very black, more fo than in any other 
experiment of the kind; and, when water had 
abforbed what it could of this air, there was a 
refiduum in which a candle burned with a lam- 
‘bent blue fame. But what was moft remarkable 
in this experiment was, that befides the oil of 
vitriol becoming very black during the proceis, 
a black fubftance, and of a thick confiftence, 
was formed, which fwam on the furface of the 
acid. | | 

It is very poffible, that the analyfis of: this 
fubftance may be a means of throwing light upon 
the nature of the black matter, formed by electric: 
explofions, in vitrolic acid air, as they feem to 
refemble one another very much. 

The electric fpark or explofion, taken in 

| common 
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common air, confined by quickfilver in a glafs 
tube, covers the infide of the tube with a black 
matter, which, when heated, appears to be pure 
quickfilver. This, therefore, may be the cafe 
with the black matter into which he fuppofed the 
vitriolic acid air to be converted by the fame 
procefs, though the effect was much more 
remarkable than in the common air. The ex- 
plofion will often produce the diminution ‘of 
common air in half the time that fimple {parks 
will do it, the machine giving the fame quantity 
of fire in the fame time: alfo, the blacknefs of 
the tube is much fooner produced by the fhocks 
than by the fparks. When the tube confiderably 
exceeds three tenths of an inch in diameter, it 
will fometimes become very black, without there 
being any fenfible diminution of the quantity of 
air. 


Experiments on Air, by Henry Cavenpvisn, E/q. 


The apparatus ufed in making the experi-. 
ments was as follows. The air, through which 
the fpark was intended to be paffed, was con- 
fined ina glafs tube bent to an angle, which, 
after being filled with quickfilver, was inverted 
into two glaffes of the fame fluid; the air to be 
tried, was then introduced by means of a fmall 
tube, fuchas is ufed for thermometers, bent in 
the manner reprefented by A B C, fig. 16, pl. f 

: the 
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the bent end of which, after being previoufly 
filled with quickfilver, was introduced, as in 
the figure under the glafs D EF, inverted into 
water, and filled with the proper kind of air, 
‘ the end C of the tube being kept {topped by 
the finger; then, on removing the finger. from 
C, the quickfilver in the tube defcended in the 
lez BC, and it’s place was fupplied with air 
- from the glafs DEF. Having thus got the 
proper quantity of air into the tube ABC, it 
was held with the end C uppermoft, and ftep- 
ped with the finger; and the end A, made 
{maller for that purpofe, being introduced into 
one end of the fore-mentioned bent tube, the air, 
on removing the finger from C, was forced into 
that tube by the preflure of the quickfilver in 
the leg BC. By thefe means he was enabled to 
introduce the exact quantity he pleafed of any 
kind of air intothe tube M; and by the fame 
means, could let up any quantity of foap-lees, 
or any other Hquor which ‘he wanted to be in 
contact with the air. 

In one cafe, however, in which he wanted to 
mtroduce air into the tube many times in the 
fame experiment, he ufed the apparatus repre- 
fented in fig. §7, pl. I, confifting of a tube AB 3 
ef {malt bore, a ball C, andatube DE of a 
larger bore.’ This apparatus was firft filled with 

quickfilver, 
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quickfilver, and then the ball C and the tube 
A B were filled with air, by introducing the 
’ end A undera glafs inverted into water, which 
contained the proper kind of air, and drawing 
out the quickfilver from the leg E D by a fy- 
phon. . After being thus furnifhed with air, 
the apparatus was weighed, and the end’A in 
troduced into one end of the tube M, and kept 
there during the experiment; the way of forcing 
air out of this apparatus into the tube, being by 
thrufling down the tube I. D a wooden cylinder, 
of fuch a fize as almoft to fill up the whole bore,’ 
and by the occafionally pouring quickfilver into 
the fame tube, to fupply the place of that pufh- 
ed into the ball C. After the experiment was 
finifhed, the apparatus was weighed again, 
which fhewed exaétly how much air had been 
forced into the tube M, during the whole expe- 
riment; it being equal in bulk to a quantity of 
quickfilver, whofe weight was equal to'the in- 
creafe of weight of the apparatus. © | 
The bore of the tube M ufed in moft of the 
following experiments, was about one tenth of 
an inch; and the length of the column of air, 
occupying the upper part of the tube, was in 
general from 1} to % of an inch. 
It is fcarcely neceflary to inform any one ufed 
to ele€irical experiments, that in order to force 
an 
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an electrical fpark through the tube, it was ne» 
ceflary, not to make a communication between 
the tube and the conductor, but to place an in- 
fulated ball at fuch a diftance from the conducs 
tor, as to receive a {park from ir, and to make 
a communication between that ball and the 
quickfilver in one of the glaffes, while the quick- 
filver in the other glals communicated with the 
ground, 

When the electric {park was ae to pafs 
through common alr, included between {hort 
columns of a folution of litmus, the folution ac- 
quired a red colour, and the air was diminifhed 
conformably to what was difcovered by Dr. 
Prieftley. When lime-water was ufed inftead 
of the folution of litmus, and the fpark was con- 
tinued till the air could be no further dimi- 
nifhed, not the leaft cloud could be perceived 
in the lime-water; but the air was reduced to 
two thirds of it’s original bulk; which is a 
greater diminution than it could have fuflered 
by mere phlogiftication, as that is very little 
more than one-fifth of the whole. 

The experiment was next repeated with fome 
impure dephlogifticated air. The air was very 
much diminithed, but without the leaft cloud 
being produced in the lime-water ; neither was 
any cloud produced when fixed air was let up 

Ti to 
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to it; but on the further addition of a little 
cauftic volatile alkali, a brown fediment was 
immediately perceived, 

Hence we may conclude, that the lime- water 
was faturated by fome acid formed during the 
operation; as in this cafe it is evident, that no 
earth could be precipitated by. the fixed air 
alone, but that cauftic volatile alkali, on being 
added, would abforb the fixed air, and thus bes 
coming mild, would immediately precipitate the 
earth ; whereas, if the earth i in the lime-w ater 
had not been faturated, with an acid, it w vould 
have been precipitated by the fixed air. As to 
the brown colour of the fediment, it ‘moft likely 
proceeded from fome of the quickfilver having 
been diffolved. a ee 

Ir muft be obferved, that ie any fixed air, as 
well as acid, had been generated in thefe two 
experiments with the lime-water, a cloud muft 
have been at firft perceived in ‘it, though that 
cloud would afterwards difappear, by the earth 
being re-diffolved by the acid; for till the acid , 
produced was fuflficient to diffolve the whole’ of 
the earth, fome of the remainder would’ be’ pre- 
cipitated by the fixed air; fo that we may fafely 
conclude, that no o fixed air was s generated i in Hic 
operation. 

When the air is confined by foap-lees, the 

diminution 
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diminution proceeds rather fatter than when it 
is confined by lime-water; for which reafon, 
as well’ as on account of their containing fo 
much more alkaline matter in proportion ‘to 
their bulk, foap-lees feemed better adapted for 
experiments defigned to inveftigate the nature 
of this acid, than lime-water. Accordingly 
{ome experiments were made, to determine what 
degree of purity the air fhould be of, in order 
to be diminifhed moft readily and to the greatest 
degree; and it was found, that when good de- 
phidgifticated air was ufed, the diminution was 
but fall; when perfectly phlogifticated air 
was ufed, no fenfible diminution took place ; 
but when five parts of pure dephlogifticated air 
were mixed with three parts of common alr, 
almoft the whole of the air was made to difap- 
pear. It muft be confidered, that common air 
confifts of one part ‘of dephlogifticated air, 
mixed with four of phlogifticated ; fo that a 
mixture of five parts of pure deph logifticated 
air, and three of common air, is the fame thing 
as a mixture of feven parts of dephlogifticated 
air with three of phlogifticated. — seria 
Having made thefe previous trials, intfodace 
into the tube a little foap-lees, and then let Up 
fome dephlogifticated and common air, mixed 
in the above-mentioned proportions, which ri- 
| ae. fing 
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fing to the top of the tube M, divided the foap- 
lees into it’s two legs, as faft as the air was di- 
minifhed by the electric {park ; continue adding 
more of the fame kind, till no further diminu- 
tion takes place; after which, a little pure de- 
phlogifticated air, and after that a littlk common. 
air, were added, in order to fee whether the 
ceflation of diminurion was not owing to fome 
imperfection in the proportion of the two kinds 
of air to each other, but without effect. The 
foap-lees being then poured out of the tube, and 
feparated trom the quickfilver, -feemed to be 
perfectly naturalized, as they did not at all dif- 
colour paper, tinged. with the juice of blue 
flowers. Being evaporated to drynefs, they left 
a {mall quantity of falt, which was evidently 
nitre, as appeared by the manner in which pa- 
per, impregnated with a folution of it, burned. 
For more fatisfaction, he tried this experi- 
ment Over again, ona larger fcale. About five 
times the former quantity of foap-lees were now 
ict up into a tube of a larger bore; and a mix- 
- ture of dephlogifticated and common air, in the 
fame: proportions as before, being introduced by 
the apparatus reprefented in fig: 9, the fpark 
was continued till no more air could be made 
t0 difappear. The liquor, when poured out of 
the tube, {melled evidently of phlogifticated 
nitrous 
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nitrous acid. This falt was found, by the man- 
ner in which paper, dipped into a folution of it, 
burned, to be true nitre. It appeared, by the 
teft of terra ponderofa falita, to contain not 
more vitriolic acid than the foap-lees themfelves 
contained, which was exceflively little; and 
there is no reafon to think, that any other acid 

entered into it, except the nitrous. | 
A circumflance, however, occurred, which at 
firft feemed to fhew, that this falc contained 
fome marine acid; namely, an evident precipi- 
tation took place, when a {olution of filver was 
added to fome of it diffolved in water; though 
the foap-lees ufed in it’s formation were per- 
fectly free from marine acid, and though, to 
prevent all danger of any precipitate being 
formed by an excefs of alkali in it, fome puri- 
fied nitrous acid had been added to it, previous 
to the addition of the folution of filver. On 
confideration, however, he fufpected, that this 
precipitation might arife from the nitrous acid 
in it being phlogiflicated; and therefore tried, 
whether nitre, much phlogifticated, would pre- 
cipitate filver from it’s folution. For this pur- 
pofe, he expofed fome nitre to the fire, in an 
earthen retort, till it had yielded a good deal of 
dephlogifticated air; and then having diffolved 
it in water, and added to it fome well purified 
he 3 Spirit 
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{pirit of nitre, till it was fenfibly acid, in order 
to be certain that the alkali did not predomi- 
nate, he dropped into it fome folution of fily er, 
which immediately made a very copious preci- 
pitate. This folution, however, being deprived 
of fome of it’s phlogifton by evaporation to 
drynefs,. and expolure for a few weeks to the 
air, loft the property of precipitating filver 
from it’s folution; a proof that this’ property | 
depended only on it’s phlogiftication, and not 
on it’s having ablorbed fea falt from the retort, 
or by any Baile micans. OR 

Hence it is certain, that nitre, ‘when much 
phlogifticated, is capable of making a precipi 
tate with a folution of filver; and therefore 
there is no reafon to think, that the precipitate, 
which our falt oceafioned with a folution of fil- 
ver, proceeded from any other caufe than that 
of it’s being phlogifticated; efpecially as it ap- 
peared by the fmel]l, both on firft taking it out 
of the tube, and on the addition of the {pirit of 
nitre, previous to dropping in the folution of 
filver, that the acid in it was much phlogifti- 
cated, ‘The property of phlogifticated nitre is 
worth the attention of chemifts ; as otherwife 
they may fometimes be led into miftakes, if in- 
yeftigating the prefence of marine acid by a 
folpt ion of filver, | 2 


In 
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In a former paper Mr. Cavendifh has afferted, 
that when nitre is détonated with charcoal, the 
acid is converted into phlogifticated air; that 
is, into a fubftance which, as far as he could 
perceive, poffeffes all the properties of the phlo- 
gifticated air of our atmofphere: from which 
he concluded, that phlegifticated air is nothing 
elfe than nitrous acid united to phlogifton. Ac- 
cording to this conclufion, phlogifticated air 
ought to be reduced. to nitrous acid by being 
deprived of it’s phlogifton; but as dephlogifti- 
cated air 18 only water deprived of phlogifton, it 
is plain, that adding dephlogifticated alr to a 
body, is equivalent to depriving it of phlogif. 
ton, and adding water to it; and therefore 
phlogiflicated air ought alfo to be reduced to 
nitrous acid, by being made to unite to, or form 
a chemical combination with dephlogifticated 
air; only the acid formed this way will be more 
dilute, than if the phlogifticated air was fimply 
deprived of phlogifton. 

This being premifed, we may fafely conclude, 
that in the prefent experiments the phlogiftica- 
ted air was enabled, by means of the electrical 
fpark, to unite to, or form a chemical combi- 
nation with the dephlogifticated air, and was 
thereby reduced to nitrous acid, which united to 
the foap-lees, and formed a folution of nitre ; 

Vr4. TOT 
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for in thefe experiments tbofe two airs actually 
difappeared, and nitrous acid was actually 
formed in their room; and as, moreover, it has 
juft been fhewn, from other circumftances, that 
phlogifticated air muft form nitrous acid when 
combined with dephlogifticated air, the above. 
mentioned opinion feems to be fufficiently efta- 
blifhed. <A further confirmation of it is, that 
as far as we can perceive, no diminution of air 
is produced when the clectric {park is paffed, 
either through pure dephlogifticated air, or 
through perfectly phlogifticated air; which in- 
dicates the neceflity of a combination of thefe 
“two. aifs to produce the acid. Moreover, it 
was found in the laft experiment, that the quan- 
tity of nitre procured, was the fame that the 
_ foap-lees would have produced, if faturated 
with nitrous acid; which fhews, that the pro- 
duction of the nitre was not owing. to any de- 
compofition of the foap-lees. 


BENNET on Almofpheric Eleéiricity. 


To illuftrate the procefs of atmofpheric ex- 
plofions, as far as relates to the influence of 
powerful electrical atmofpheres : 

Let two flips of gold leaf, or rather white 
Dutch metal, be faftened to a brafs ball fuf- 

: pended ~ 
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pended by a filk ftring, or other infulating fub- 
{tance : bring the brafs knob of a charged bottle 
towards the points of the metallic flips, till they 
become charged with electricity, which will 
caufe them to be repelled each way from the 
knob of the bottle, and ftand as in plate I. 
fig. 21: continue to hold the bottle in the 
fame pofition during a few feconds, and one of 
the flips will bend towards the knob of the 
bottle, fig. 21, and ftrike it fuddenly, then it 
will ftand repelled till it’s ele€tricity be again 
diflipated; in this manner it will continue to 
repeat the ftroke as long as a fufficient quantity 
of electricity remains in the bottle, unlefs the 
air be very dry, and then this experiment may 

fail, which with me has only happened twice. 
The moft common apparatus hitherto ufed, 
has chiefly confifted of high pointed and infula~ 
ted conducting-rods, or wires, extending from 
the place of obfervation to the top of an high 
building or fteeple, and connected with an elec- 
trometer; or the {mall and infenfible communi- 
cations of electricity have been collected by 
means of Mr. Volta’s condenfer. But thefe 
inftruments are generally either not fufficiently | 
fenfible, or they can only fhew the ftate of at- 
mofpheric electricity at intervals ; whence the 
obferver 
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obferver lofes the opportunity of watching the 
momentary and interefting change which hap- 
pens in feveral ftates of the atmofphere, ef{pe- 
cially during the paflage of thunder-clouds. 

It has been found that the tame of a candle 
was very ufeful’ in rendering the atmofpheric 
electricity fenfible when it could not be per- 
ceived bj } means of points ; this it probably does, 
becaufe 11 ne efluvium of the candle, which is of 
a conducting nature, becomes combined with 
air, fo as to form, a very complete union; and 
as the rarefied air, fo combined with Tae 
effluvium, rifes upwards, it is Continually fuc- 
ceeded by a frefh quantity; and hence the ap- 
paratus has the opportunity of abforbing elec- 
tricity much more copioufly than the fharpeft 
points. Confidering this advantage, Mr. Ben- 
net provided a deal rod about 10 feet long, fee 
plul) fie. sD, and after the {maller end was 
well dried, it was fafitened into a long tinned 
iron funnel with cement, fo that the funnel did 
no where come within haif an inch of the end 
ofthe red; by this means it is kept dry, and the 
funnel is not fo liable to be accidentally broken 
off as if it was infulated by means of glafs. At 
the {mall end of the funnel is fufpended the ring 
of a chain, which fupports a {mall lantern, con- 

taining 
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taining a. lighted candle: tothe lower and 
broad edge of the funnel, a foftened brafs wire 
is fattened, which. is about the length of the 
whole rod ; and the lower, end Is Honted to a 
{mall ring, near the thick end of the rod, that 
the wire may not be liable to accidents when the 
infirument is taken down. When this appa- 
ratus is ufed, a window is opened in the higheft 
room of tke houfe, and the rod is placed upon 
one {trong nail, and under another, on one fide 
of the cafement, fo that the lantern is elevated 
about so degrees. Near the place to which the 
rod is faftened is a hole in the window-frame, | 
of fufficient width to receive a tube of glafs 
covered with fealing-wax, on the end of which 
is a bent wire: the hook of the brafs wire is 
then taken from the ring, and hooked upon this 
infulated bent wire, which ftands at a proper 
height to be conneéted with the cap of a gold 
leaf electrometer, ftanding upon a board under 
the wire ; and that the brafs wire may not be 
too much agitated by the wind, a ball of lead is 
hung upon it. Inthis fituation, it is plain that 
the atmofpheric electricity , collected by the 
candle will come down the brafs wire, and be 
communicated to the cap of the electrometer, 
or to any other inftrument. But as it very fel- 

| dom 
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dom happens that the gold leaf does not diverge 
when this apparatus is elevated, there is little 
occafion to make ufe of a condenfer or doubler, 
or even of a candle, when there are large 
clouds pafling over, or rain falling. 


CHAP. 
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G Oa, Anu Bie de 
Or Mepicart Evectricity. 


\HLE Abbé Nollet fays, that he received 

more pleafure when he difcovered that 
the motion of fluids in capillary tubes and the 
infenfible tranfpiration of animated bodies were 
augmented by electricity, than by any other 
difcovery he had made; becaufe they feemed to 
promife fuch abundant advantages to mankind, 
when properly applied by a fkilful hand. But 
how-much would this pleafure have been aug- 
mented, if he had lived to fee his hopes rea- 
lized, and this branch of electricity obtain the 
fame medical certainty as the bark in inter- 
mittents ? 

It is true, that like every other fimple me- 
dicine which has proved beneficial to mankind, 
electricity met with much oppofition from the — 
interefted views of fome, and the ignorance of 
others; has been treated with contempt, and 
injured by mifplaced caution. I fhall recom- 
mend to thofe who thus oppofe it, not to con- 
demn a fubject of which they are ignorant, but 
to hear the caufe before they pafs fentence; 
to take fome pains to underftand the nature of 

electricity ; 
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clectricity ; to learn to make the electrical 3 ma- 
chine act well, and “then apply it for a few 
weeks to fome of thofe diforders in which it has 
been admihiftered with’ the’ greateft fuccefs; 
and there is no doubt but they would foon be 


‘convinced, thar it deferves a diftinguithed te 


in medicine, which is the: ech ve ki io~ 


fophy. 


'The feience of medicine ‘and it’s sect 
have been reproached with the inftability’ and 
flu@uations of pra@tice ; at one time cold as the 
ice at’ Zembla, at another hot:as the Torrid 
Zone; that they are led by fafhion, and influ- 
enced by prejudice. On ‘this ground it ‘has 
been predicted, that however great the benefits 


‘which may be derived from electricity; it would 
till only laft for the day of fafhion, and*then 


be configned to oblivion. I muft confefs, that 
I cannot be of-this opinion; nor eafily led to 
think a fet of men, whofe judgment has-been 
matured by learning and experience, will ever 
negle&t an agent, which: probably forms: a 


moft important part of our conflitution.. Elec. 


tricity is an active principle, which is neither 
generated nor deftroyed ; which is every where, 
and always prefent, though latent and unob- 
ferved; and is in motion by night and day, to 
maintain an equilibrium that is continually vary- 

ing. 
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ing. ‘To give one inftance, among many, ‘it’has 
been fhewn, that the rainthat défeends in'a ftorm 
is ftrongly impregnated ‘with cleétricity, ’ and 
thus brings down what the heated’ vapours.cars 
ried up into the air, till the’ deficiency’ of the 
earth is fupplied from ‘the fuperfluity of the 
heavens. A variety of other ‘Caufes Concur to 
vary continually the equilibrium ‘cf this ‘fluid’; 
as the perpetual inteftine and ofcillatory motion, 
which ‘contributes fo much towards carrying on 
the operations of nature. Further, ‘ift a parti+ 
cular portion of this fluid is diftributed to/every 
fubftance, ‘then every alteration of it’s capacity, 
which is continually changing by heat or cold, 

3h move or operate on it. 

“As heat, or fire in action, is the firft mover 
in the animal ‘machine, and the chief active 
principle during i it’s exiftence, and as electricity 
exhibits fo many phenomena, which cannot be 
diftinguifhed from thofe of fire, we are natu- 
rally led to conceive high ideas of the impor- 
tance of this fluid to medicine.’ Though the 
vital ftate ‘Of it is not to be eftimated by the 
degree Of heat, abfiracted! y confidered, becaufe 
the degree of heat only afcertains the ae 
which is ‘acing | in a peculiar manner. 

It is known that this vivifying principle haftens 
the vegetation of plants. Myrtle-trees, which 

I , “SMiere 
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were electrified, budded fooner than others of 
the fame kind and fize, and in the fame green- 
houfe. Seeds, daily electrified, have fhot up, 
and grown more in three or four days than others 
of the fame kind, and alike in all other. circum- 
ftances, have done in eleven or twelve days. 
In the fame manner Mr. Achard has fhewn, that 
it may be ufed as a fupplement for heat, to 
hatch the chicken from the egg. The fuppo- 
fition of an ingenious writer is by no means im~ 
probable, that the vegetating power which is 
operating during the whole year in ever-greens, 
may arife from thefe trees having more refin 
in their compofition, than thofe whofe leaves fall 
in autumn, by which they are enabled to attract 
and retain thofe juices which give them their 
continual verdure, and fupply, in fome degree, 
the abfence of folar heat. This may be inferred 
from their natural properties, and is confirmed 
by the ftrong electric power pofleffed by their 
leaves. The fame writer thinks, that the fluid 
collected in our electrical experiments is only 
thofe folar rays that have been difperfed in, and 
are arrefted by the earth; an idea which is 
ftrongly corroborated by the obfervations made 
on atmofpherical electricity, and by the deduc- 
tions which have been made from the relative 


affinities of fire, light, and heat. 
The 
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The agency of this fluid, and it’s exiftence in 
animated nature, has been fully proved by the 
experiments that have been made on the torpedo 
and the gymnotus electricus; for the fimilitude 
eltablifhed between the electrical fluid of the 
torpedo and that of nature at large, is fuch, 
that, in a phyfical fenfe, they may be confidered 
as precifely the fame. Mr. Hunter has well ob- 
ferved, fays Sir J. Pringle, and I think he is the 
firft who has made the obfervation, that the 
magnitude and number of the nerves beftowed 
on thofe eleétric organs in proportion to their 
fize, muft appear as extraordinary as their effects ; 
and that, if we except the important organs of — 
our fenfes, there is no part, even of the moft 
perfect animal, which, for it’s fize, is more 
liberally fupplied with nerves than the torpedo: 
nor yet do thefe nerves of the electric organs 
feem neceffary for any fenfation that can belong 
to them: and with refpect to action, Mr. Hunter 
obferves, that there is no part of any animal, 
however flrong and conftant it’s action may be, 
which enjoys fo large a portion of them. If then 
it be probable, that thefe nerves are unneceffary 
for the purpofe either of fenfation or action, 
may we not conclude, that they are fubfervient 
to the formation, colle&ion, and management 
of the electric fluid? efpecially, as it appears 

Kk ; from 
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from Mr. Walth’s experiments, sit the will 
of the animal commands the electric powers 
of it’s organs. If thefe reflections are juft, we 
may with fome probability foretel, that no 
difcovery of confequence will ever be made by 
future phyfiologifts concerning the nature of 
the nervous fiuid, without acknowledging the 
lights they have borrowed from the experi- 
ments of Mr. Walfh upon the living torpedo, 
and the diffection of the dead animal ie, Mr. 
Hunter.* 

A variety of curious facts clearly evince, that 
the electric fire is effentially connected with the 
human frame, and is continually exerting it’s 
influence upon it. Add to this the eafe with 
- which the natural equilibrium is deftroyed; and 
‘we may readily conceive, that any alteration in 
the quantity or intenfity of action of this power- 
ful fluid will produce correfponding changes in 
the habit or health of the body. The following 

3s a remarkable inftance of the agency of the 
‘fluid in the human frame, and of the eafe with 
which it is put in action». Mr. Brydone men- 
tions a lady, who, on combing her hair in frofty 
- weather in the dark, had fometimes obferved . 
fparks of fire to iflue from it; this made him 
think 


* Sir John Fringle’s Difcourfes, p. 84. 
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think of attemping to collec the electrical fire 
from hair alone, without the affiftance of any 
other electrical apparatus. To this end, he 
defired a young lady to ftand on wax, and comb 
her fifter’s hair, who was fitting in a chair before 
her; foon after fhe had begun to comb, the ycung 
lady on the wax was furprifed to find her whole 
body eleCtrified, and darting out {parks of fire 
again{t every object that approached her. Her 
hair was ftrongly ele@trical, and affected an 
electrometer at a confiderable diftance. He 
charged a metallic conductor from it, and in 
the fpace of a few minutes collected a fufficient 
quantity of fire to kindle common fpirits, and, 
by means of a fmall jar, gave many {mart ftrokes 
to all the company. 

Mr. Cavallo obtained, by means of a {mall 
-condenfing plate, very fenfible figns of electricity 
from various parts of his own body, and the 
head of almoft any other perfon. 

When the difcoveries in this fcience, fays Mr. 
Brydone, are further advanced, we may find, 
that what we call fenfibility of nerves, and many 
other difeafes, which are known only by name, 
are owing to the bodies being poflefied of too 
large or too {mall a quantity of this fubtle fluid, 
which is perhaps the vehicle of all our feelings. 
- It is known, thar in damp and hazy weather, 
Kk 2 when 
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when this fire is blunted and abforbed by the 
humidity, it’s a€tivity is leffened, and what is 
collected is foon diffipated; then our fpirits are 
more languid, and our fenfibility is lefs acute. 

And in the fierce wind at Naples, when the air 
feems totally deprived of it, the whole fyflem 
is unftrung, and the nerves feem to lofe both 
their tenfion and elafticity, till the north-weft 
wind awakens the activity of the animating 
power, which foon reftores the tone, and enli- 
vens all nature, which feemed to droop and 
languith in it’s abfence: nor can this appear fur- 
prifing, if it is from the different ftate of this fire 
in the human body, that the ftri¢tum and laxum 
proceeds, and not from any alteration in the 
fibres themfelves, or their being more or lefs 
braced up, (among which bracers cold has been 
reckoned. one,} though the mufcular parts of an. 
animal are more braced when they are hot, and 
relaxed when they are cold. 

Mr. Jalabert and Profeffor Sauffure, when 
paffing the Alps, were caught among thunder- 
clouds, and found their bodies: full of electrical 
fire; {pontaneous flafhes darting from their 
fingers, with a crackling noife, and the fenfa- 
tions they felt were the fame as when ftrongly 
electrified by art. Ir feems pretty evident, that 
thofe feelings were owing to their bodies con- 

taining 
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taining too great a fhare of electrical fire; and 
it is not improbable, that many of our invalids 
owe their feelings to the oppofite caufe. 

The perpetual electricity of the atmofphere 
‘is no longer a problem: the exiftence and con- 
tinual agency of it in that mafs of air which fur- 
rounds our globe has been afcertained by nu» 
merous clear and decifive experiments; and it 
feems by no means improper to infer, that this 
fluid cannot exift in the atmofphere without 
exerting a certain influence on all the beings 
contained in it, and principality on organized 
bodies, among which man holds the higheft 
rank, . ate 

EXPERIMENT CCXL.—Pafs the charge of a 
large jar, or battery, from the head to the back 
of a moufe; this, if the fhock is fufficiently 
ftrong, will kill the animal. After it’s death, 
make the difcharge in the fame manner, and the 
fluid will pafs vifibly over the body, and not 
through it; evincing, that the power or me- 
dium which tranfmitted the fhock through the 
animal, is loft with it’s life. This experiment 
is taken from Mr, Cavallo’s treatife on medical 
electricity. It’s importance is felf-evident, and 
it certainly merits a further -inveftigation by | 
thofe who are acquainted with the animal ceco- 
nomy, as well as electricity. 
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As the fcience of medicine knows of no fpe- 
@ific, fo we are not to fuppofe, that electricity: 
will triumph over every diforder to which it is 
applied. At’s fuccefs will be more. or lefs ex- 
tenfive, according to the difpofition of the fub- 
ject, and the talents of thofe who direct it; it 
cannot therefore appear furprifing, that many 
diforders have been refractory to it’s powers, and 
others have only yielded in a {mall degree; or, 
that the progrefs of the cure has often been 
{topped by the impatience, or prejudice, of the 
difeafed: but at the fame time, it muft be ac- 
knowledged, that even in it's infancy, when it 
had to combat again{t fear, prejudice, and in- 
tereft, it’s fuccefs. was truly great: we have 
furely then the higheft reafon to expect a con- 
fiderable tncreafe of fuccefs, now that it is cul- 
“tivated and promoted ah profeffional men of the 
‘firft merit. 

Ina fhort courfe of lectures which were read 
on this fubject lately by Mr. Birch, fomething 
like a fyftem was thrown out for the confidera- 
tion of future electricians. The application of 
electricity to medicine was divided into three 
forms; namely, the fluid, the fpark or friction, 
and'the fhock. The firtt mode she confidered 
to act as a fedative, the fecond he ranked under 


the title of a ftimulant, and the laft as a deob- 
ftruent. 


\. 
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firuent. As the diftinctions’ were the refult of 
many experiments and much obfervation, they 
may fafely be adopted for the prefent...That 
gentleman being now engaged in the practice of 
a great hofpital, where his electrical experi- 
ments have already gained fome reputation, we 
may hope the f{cience, will be more univerfally 
diffufed, and being taught, under, the cautious 
eye of public fcrutiny, we may truft it’s merits 
will foon give it an eftablifhed rank in the art. 
of healing. 

In medicine, electricity is applicable to palfies, 
rheumati{ms, intermittents ; to {pafm, obftruc- 
tion, and inflammation. In furgery it has con- 
fiderable {cope for action; where contractions 
and f{prains, tumours, particularly of the glan- 
dular fort, wafting.of the mufcles, and other in- 
cidents, form a catalogue of vifible difeafes as - 
diftrefling to the fight of others as to the patients 
themfelves. The gout, and the fcrophula, or 
king’s evil, two difeafes which have tormented 
mankind, and been the difgrace of medicine to 
the prefent time, are ranked among thofe to 
which this remedy is applicable; and in the 
commencement of the complaints, 1am inform- _ 
ed, has been wonderfully fuccefsful. To remove 
ill-placed fits of the gout, it fhould feem to be 
a more rational application than any medicine, 


Kk 4 | — for 
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for it applies directly to the feat of the difeafe, 
with a power and rapidity unknown in phytic, 
and perfeétly manageable at difcretion; and, as 
itis a remedy which applies to the underftand- 
ing as well as to the feelings, I fhould think it 
better worth the attention, and contemplation 
of men of liberal education, than the compound, 
ing a medicine, in which they place little faith, 

or applying a plaifler, in which they have none | 
at all, 

The fuccefs of aedivicity, in clans the 
fuflerings of mankind, has been confiderably 
promoted, and it’s operations rendered more 
rapid, fenfible, and efficacious, by applying it in 
different manners and quantities to the human 
frame. The. modes formerly ufed were the 
fhock, fpark, and fometimes, though very fel- 
dom, fimple electrification. Thefe modes are 
now varied, and their numter augmented. The 
ftream of the electric fluid may, without a fhock, 
be made to pafs through any part of the body; 
it may alfo be thrown upon, or extracted from 
any part, and it’s action in each cafe varied, by 
caufing the fiuid to pafs through materials 
which refift it’s paflage in different degrees ; it 
may be applied to the naked integuments, or 
to the fkin covered with different refifting fub- 
frances; and it’s power may be rarified or con- 

denfed, 
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denfed, confined to one fpot, or applied in a 
more diffufive manner, at the difcretion of the 
“eh Jean 

The apparatus neceffary for this purpose is fimple, 
and confifts of the following articles: | 

1. An electrical machine, with an infulated 
cufhion, properly conftructed to afford a con- 
tinued and ftrong ftream of the electrical fluid. 

2. A ftool with infulating feet, or rather an 
arm chair fixed on a large infulating-ftool. The 
infide part of the back of the chair fhould move 
ona hinge, that it may occafionally let down to 
electrify conveniently the back ‘of the patient: 
the arms of the chair fhould alfo be made longer 
than ufual. | : 

x Pag 8 Leyden bottle with an electrometer. 

4. A pair of large directors, with fe han- 
Wess and wooden points, 

§. A few glafs tubes of different bores, fome 
of them with capillary points. | 

To thefe may be added, an univerfal dif- 
charger on a large {cale, a pair of fimall direc- 
tors with filver wires, and a pair of infulating 
forceps. | | 

Fig. 93 reprefents the directors; the handles 
are of glafs. A is a brafs wire with a ball on it’s 
end. The wire of one is bent, for the more con- 
veniently throwing the electric fluid on the eye, 

&c. 
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&c, The balls may be unfcrewed from. the 
wires, and the wooden point B {crewed in it’s 
place, or the pointed end of the brafs wire may 
be ufed. The dire€tors fhould always be held 
by that extremity of the glafs handle which is 
fartheft from the brafs, and care fhould be taken 
that the heat of the hand does not make them 
moift. 
i, and M, fig. 84,- reprefent olafs tubes, 
through which {mall wires are made to pats, to 
convey the fiuid directly to the ear or throat. 

3 Fig. 88 repreients another glafs tube, of a 
larger fize, the end of which. is capillary ; a 
{mall quantity of rofe-water, or any other fluid, 
is to be poured into this tube; then connect it 
with the prime conductor by a wire; turn the 
cylinder, and a fubdivided, gentle, and refrefh- 
ing ftream of this fluid may be thrown on the 
patient. 

Fig. 86 reprefents ie ae forceps: fome 
gentlemen think it is a very convenient. inftru- 
ment for. communicating a fhock. It’s ufe is 
evident from an infpeciion of the figure. 

Fig. 85 is the medical bottle, furnifhed with 

an clectrometer, to limit the force of the fhock, 
and enable the operator to give a fucceffive 
number of them of the fame force. C is a bent 
picce.of glafs, on the upper part of which is 

cemented 
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cemented a brafs focket D, furnifhed with a 
{pring tube E; the wire F moves in this tube, 
fo that the bail G.may be fet at a convenient 
diftance from the ball,H-. The end 1 of the 


bent picce of glafs,is,alfo furnifhed with a {pring 


tube, which ilides upon the wire K, communi- 
cating with the infide of the bottle. 


To ufe this botle, place the ball H in contact. 


with the conductor, or conect, them. togéther 
bya wire, and then charge it in the ufual man- 
ner...Now, ifa wire proceeds from the ball L 


to the outfide coating, the bottle will be dif- 


charged whenever the fluid has acquired fuffi- 
cient force to pafs through the fpace of air be- 
tween the two balls; confequently the fhock is 
ftronger in proportion as the diftance between 
the two balls is increafed. 

‘It is obvious, that when the electrometer i is 
thus connected, it acts in the fame manner as a 
common difcharging rod, and forms the com- 
munication between the outfide and the infide 
of the bortle; with this difference only, that the 
diftance of the end which is to communicate 
with the infide may be limited and regulated, 

{it has been found more convenient, to fepa- 
rate the electrometer from the bottle, and apply 
it to the conductor: fee in the frontifpiece to 
this Effay, where a, 4, reprefents the ele€trome- 

ter, 
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ter, c, d, the Leyden bottle, fufpended at a 
fmal! diftance from 1t; a glafs tube e, f, is fixed 
in this bottle, a {mall part of the lower end of 
which is coated; two wires pafs through the 
brafs ball C on the top of this tube, one of 
which goes down to the bottom of the exterior 
bottle, and touches it’s internal coating, the 
‘other only goes to the coating of the tube: thefe 
wires may be removed at pleafure. The bottle 
is to be fufpended to the conductor by the ring, 
and a chain or wire is to be fixed to the hook d, 
at the bottom. | 

Fig. r1g, pl. V. reprefents the bottle direc- 
tor, which is hollow and coated like a common 
bottle, acting in all refpects like one, but is con- 
venient from it’s fhape and fome other circum- 
ftances in giving {mall fhocks. . 

The handles of the directors fhould be care- 
fully dried,‘ as alfo the bent piece of glafs C, 
and thofe parts of the bottle w hich are above the 
coating. It is likewife neceffary to prefs the 
ends of the directors againft the part, to convey 
the fhock more readily: by connecting one 
wire with a pofitive conductor, and the other 
with a negative one; or one with the bottom of 
a Leyden bottle, and the other with the electro. 
meter ; the flock or ftream may be conveyed to 
any part, with the greateft facility. It is alfa- 

evident, 
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evident, that a perfon may, by means of two di- 
rectors, electrify himfelf with eafe, (or any pa- 
tient, conveniently) without the afliftance of 
any other perfon; that 1s, he may turn the ma- 
chine with one hand, while he is receiving the 
fluid, or the fhock. But this may alfo be 
readily effected, by fafiening a wire to one of 
the conductors, and pinning the other end of ‘it 
to one extremity of the part through which you 
intend to pafs the fhock, or convey the fluid ; 
then connect a director with the other conduc- 
tor, and hold it to the other extremity of the 
part. Ifthe fituation is fuch as to occafion the 
wires to touch the table, pafs a {mall glafs tube 
over them, which will prevent a diffipation of 
the fire. . 


Eleivicity may be applied medically ia the Haas 
different Modes. 


Firft, By. merely placing the patient in an 
infulated chair, and connecting him with rhe 
prime conductor; when the machine is in ac- 
tion, he will be filled with the electric fluid, 
which will be continually diffipated from the 
points and edges of his cloaths: and though the 
effects of this are probably too flow to be ren- 
dered very advantageous, yet a fedentary perfon 
might perhaps derive fome benefit from fitting 


in 
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in an infulated chair, having before him an in- 
fulated table; the chair to be connected with 
the ball of a large charged jar or battery, by 
which means a {mall quantity of the fluid will 
be continually paffing through thofe innumer- 
able capillary veffels, on the right ftate of which 
our health fo much depends. 


2. By throwing the Fluid upsn, or extraffing it from 
@ Patient, by Means of a wooden Point. 


This may be effected in a twofold manner: 
ft, By infulating the patient, and connetting 
him either with the cufhion or the pofitive 
prime conduftor, the operator prefenting the 
‘point. 2nd, Let the patient ftand upon the 
ground, and the wire of the director be con- 
nected cither with the pofitive dr negative parts 
of the machine. The fenfation produced by the 
fluid when acting in this manner, is mild and 
pleafing, refembling the foft breezes ofa gentle 
wind; generating a genial warmth, and pro- 
moting the fecretion and diffipation of tumours, 
-inflammations, &c. 


3. By the Electric Frifion. 


Cover the part to be rubbed with woollen 


cloth or flannel. The patient may be feated in 
| an 
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-an infulated chair, and rubbed with the ball ofa 
director that is in contact with the conductor: 
or he may be connected with the conduaor, 
and rubbéd with a brafs ball which communi- 
cates with the ground. The friction thus pro- 
duced is evidently more penetrating, more ac-. 
tive, and more powerful, than that which is 
communicated with the fleth bruth; and there 
is, apprehend, very little fear of being thought 
too fanguine, if I affert, that this, — 
but fora few minutes, will be found more efi- 
cacious than the other, after feveral hours ap. 
plication.—Electricity applies here with pecu- 
liar propriety to {pafm, pleurify, and fome ftages 
of the palfy, and in every cafe anfwers the end 
of bliftering where the difcharge is not wanted, 
being the moft fafe and powerful ftlimulant we 
know. hi | 


4. By taking firong Sparks from the Patient. 


Here, as in every other cafe, the operator may 
connect the ball of the direor with the pofitive 
or negative conductor, or he may connect the 
patient with either of thefe, and the ball with the 
ground ; now iit is clear from what has -been 
valready laid down, that if the director be con- _ 
nected with the:pofitive conductor, the fluid iis 
thrown upon the patient, if with the cufhion 
' I | the 
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the fluid is extracted from him. Let the pa- 
tient be infulated, and the action is in fome 
meafure reverfed ; if he is joined to the Negative 
conductor or cufhion, he will receive a {park 
from a perfon ftanding on the floor; but if he 
communicates with the pofitive conductor, he 
will give the fpark to the perfon on the ground. 


&. By canfing a Current of the Eleéric Fluid te 
, © Jrvom one Part of the Body, and thus confi- 
ing and concentrating it’s Operation without 


communicating the Shock. 


Place the patient in an infulated chair, and 
touch one part of the body with a director, 
joined to a pofitive conductor; then with a 
brafs ball communicating with the ground, 
touch another part, and when the machine is 
in action the fluid will pafs through the re- 
quired part, from the conductor to the ball; 
the force of the ftream will be different accord- 
ing to the ftrength of the machine, &c. Or 
connect one diretor with the cushion and the | 
other with the pofitive conductor, and apply 
thefe to the part through which the fluid is to 
pafs, and when the machine is in action the 
electricity will pafs from one ball to the other. 
It is not neceflary to infulate the patient in this 


cale. 
6. By 
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6. By the Shock; 


Which may be given to any part of the human 
body, by introducing that part of the body into 
the circuit which is made between the outfide 
and infide of the bottle. ‘This is conveniently 
effected, by connecting one director by a piece 
of wire with the electrometer, and the other 
with the outfide of the bottle; then hold the 
directors by their glafs handles, and apply the 
balls of them to the extremity of the parts 
through which the fhocks are to be paffled. The 
force of the fhock, as we have already obferved, 
is augmented or diminifhed by increafing or 
leffening the diftance between the two balls, 
which muft be regulated by the operator to the 


ftrength and fentfibility of the patient. When. 


the little bottle with the glafs tube is ufed as a 
common bottle, both wires are to be left there, 
and the fhock is communicated by two direc- 
tors, one connected with the bottom, the other 
with the top by means of the electrometer. (Seé 


the plate facing the title-page of this Effay.) © 


The operator will often find himfelf embarrafled 


in giving fmall fhocks, the fluid paffing from 


the conductor to the ball of the electrometer, 
inftead of going through the circuit he defires: 
when this happens, which may be known by the 


Li chattering: 


ee 
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chattering noife of the {park in pafling to the 
electrometer, the refiftance formed to the dif 
charge is fo great, that the fluid cannot force 
it’s way through the circuit; to remedy this, 
and leffen the refiftance, pafs two metallic pins 
through the cloathing, fo that they may be in 
contact with the fkin, which will lefien the refif- 
tance, and conduét the fluid. | 


7. By a Senfation between a Shock and ibe Spark; 
which does not communicate that difagreeable 
Feeling attending the common Shock. 


This is effected by taking out the long wire 
from the {mall medical bottle, and leaving the 
fhorter one which is conne&ed with the tube in 
it’s place, the directors to be connected and ufed. 
as before. In leflening this vibratory fhock the 
electrometer may be drawn to a much greater 
diftance; for the rapidity with which the charge 
of the bottle fends forward the charge of the 
tube, is fufficient to” Overcome the refiftance of 
a large body of air. The effect of this fpecies 
of fhock, if it may be called one, is to producea 
great vibration in the mufcular fibres, without 
inducing that pungent fenfation which the fhock 
effects. It is therefore applicable to fome ftages 
of, palfy and rheumatifm; it may alfo ferve as 
an-artificial means of exercife. 


8. By 
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8. By the Bottle Diresior. 


Infulate the paticht, and place the ball g iri 
contact with him, by which means this director 
is charged. Now if a wire is conveyed ftom thé 
bottom of this to the top of another director; 
the bottle director, fig. 119, plate V. will be 
difcharged whenever the ball is brought in 
contact with the patient, fo that by bringing it 
down with rapidity any number of fimall fhocké 
may be procured in a minute. Or connect thé 
infulated patient with the top of infide of a large 
charged jar, and then this apparatus ufed in the 
foregoing manner will difchatge from the large 
jar, at each fpark, it’s own contents; and by re« 
petition difcharge the whole jar; thus a number 
of fhocks may be given without continually 
turning the machine, or employing an affiftant. 


9. By palling tbe whole Fluid contained in the 
Leyden Phial through a difeafed Par? without 
giving the Shock. 


Connect a ditetor, by means of a wire, with 
the ball of a Leyden jar; charge the jar either 
completely or partially, and then apply the ball 
or point of the conductor to the part intended 
to be electrified, and the fluid which was con. 
abe Lia } denfed 
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denfed in the phial will be thrown on the part 
in a denfe flow ftream, attended with a pungent 
fenfation, which produces a confiderable degree 
of warmth. Ifa wire that communicates with 
the ground is placed oppofite to the end of the | 
director, the paflage of the fluid will be rendered 
more rapid, and the fenfation ftronger. Or in- 
fulate the patient, connect him with the top of 
a jar, charge this, and then apply a metal wire 
or piece of wood to the part through which you 
mean to make the fluid pafs. It is obvious, that 
in this cafe the circuit between the infide and 
the outiide of the jar is not completed, there- 
fore the fhock will not be felt. The condenfed 
fluid paffes in a denfe flow ftream through the 
required part, while the outfide acquires a fuf- 
ficient quantity from fubftances near it to re- 
{tore the equilibrium. 

It is in all cafes moft advifable to begin " 
the more gentle operations, and proceed gra- 
dually to increafe the force, as the ftrength and 
conftitution of the patient, or the nature of the 
diforder requires. The ftream from a wooden 
point, a wooden ball, or brafs point, may be 
firftt ufed; fparks, if neceflary, may then be. 
taken, or {mall fhocks given. 

In rheumatic cafes, the electric friction is 
generally ufed. If the pains are local, fmall 

: fhocks 
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fhocks may be given. To relieve the tooth- 
ach, very {mall {hocks may be paffed through 
the tooth; or, cover the part affected with flan- 
nel, and rub it with a director communicating 
with the machine. 

Jn inflammations, and other diforders of the 
eyes, the fluid fhould be thrown from a wooden 
point: the fenfation here produced is that of 
a gentle cooling wind; but, at the fame time, 
it generates a genial warmth in the part affected. 

In palfies, the electric friction and {mall fhocks 

are adminiftered. Streams of the fluid fhould 
always be made to pafs through the affected 
part. 
In a former edition of this Work, I men- 
tioned that the electrical operations carrying on 
at a great hofpital, under the dire@tion of Mr. 
Birch, had even then gained fome reputation, 
And I ventured to exprefs my hopes, that the 
{cience being taught under the cautious eye of 
public fcrutiny would be more univerfally dif- 
fufed, and that it’s merits would foon give it an 
eftablifhed rank in the art of healing. ‘That 
thefe hopes are fully realized will, 1 think, be 
evident from the following letter on the fubject 
of medical electricity, with which I have been 
favoured by Mr. Birct, 
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HE pains you have taken to diffufe a 
general knowledge of eleétricity, and the 
! unremitting attention you have paid to the im- 
provements of the apparatus, claim the appro- 
bation of every one, whofe ftudy has been di- 
rected to the fcience. Jam happy 1 in an oppor- 
tunity of, teftifying how much the fuccefs of my 
practice has been owing to the expertnefs with 
which you have remedied the defects I found in 
the machine, as they have pretented themfelves 
to me in the courfe of my experience ; for with- 
out your aid I fhould, like many others, have 
been tired out by the inethcacy of the inftru- 

L1 4 ment, 
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ment, though I fhould not, like them, have 
condemned the art for the faults of the artift. 
The public have a right to expect from me 
{ome account of the refult of thefe experiments 
in medical electricity, which I have now been 
more than twelve. years engaged in, and in 
which I could never have fo invariably perfift- 
ed, had I not found it in many cafes exclufively 
eminent and efficacious; for if it applied only 
to fuch difeafes as were curable by other means, 
it would, I am fenfible, avail little in practice; 
but it’s merit is, that it often affords relief where 
every other hope is loft, and faves the noble art 
of furgery from the opprobrium of amputation. 
It was not till after feveral years experience, that 
I formed in my own mind a fyftem arifing from 
it’s actions on difeafe; this fyftem was ‘the re- 
fult of continued obfervation, and as it has en- 
abled me to teach the practice more {cientifi- 
cally, I can have no objection to add it to your 
ufeful Effay; and to illuftrate it by a feries of 
cafes, which will enable the reader to judge of 
the truth or deception of it. If it fhould in- 
duce thofe who may have taken up the prac- 
tice without a fufficient knowledge of the fub- 
ject, to relume it on better grounds, T will ven- 
ture to fay, it will anfwer their expectations, 
provided they are mafters of the inftrument, 
| and 
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and are acquainted with the caufe and feat of 
difeafes. 

The applications of the aedttie c fluid to the 
difeafes of the human body may be all com- 
prifed under three heads: the firft, under the 
form of radii, when projected from a point. 
‘The fecond, under the form of a fpark, when 
many. of thefe radii are concentred on a ball: 
and the third, under that of a globe, when 
many of thefe fparks are condenfed in a Leyden 
jar. Now to each of thele heads a fpecific ac- 
tion belongs: the firft, or fluid ftate, acts asa 
{edative; the fecond, concentrated ftate, as a 


ftimulant; and the laft, condenfed ftate, as a 


deobftruent. 

Under thefe three plain intentions, I apply 
electricity to difeafe, being guided by anatomy, 
to the diftinction of local, from conftitutional 
complaints; in the former of which I truft to 


it’s power fimply ; and in the latter, join the aid 
of the phyfician and his art. 


‘The apparatus | have alfo reduced toa fimple 


form, confifting of a moderate-fized cylinder, 
conductor, and Leyden jar, with an infulating 
chair and electrometer; a glafs mounted direc- 
tor with a wooden handle, to the extremity of 
which a brafs ball and wooden point are fitted, 
and a brafs director mounted in wood. 


When 
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When I with to apply the fluid, I connect by 
a {mooth wire the glafs-mounted director to the 
conductor with a point at it’s extremity, and the 
radii are projected from it to the part affected, 
When defirous of propelling the fparks, I 
change the point for the ball. When the thock 
is intended, the circuit of the Leyden jar muft 
be made. A perfon infulated may be fubjected 
to a twofold intention at one moment. Sup- 
pofe a pain in the eye, requiring a fedative ap, 
plication to the affected part, and the ftimulus 
of a blifter at a remote place: the fluid may be 
flung from the wooden point on the cye, and 
ftimularing {parks may be drawn at the fame in- 
ftant, by a brafs ball applied between the fhoul- 
ders, 
~ By means of the Bettemees ine thefe direc- 
tors, the fhock is alfo manageable to the moft 
exact nicety, and applied to the feat of difeafe 
only. 
~The ingenuity with ie thefe fimple modes 
of application may be varied, to puzzle and de- 
ceive the obfervation of a by-ftander, is unbound- 
ed, and would have formed a grand bafis for 
empiricifm, if they had been artfully employed; 
but as electricity has efcaped abufes, and I truft, 
is worthy the ferious attention of every practl- 
tioner, I fubmit the following | cafes to the can- 
dour 
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dour of the public for their determination, whe- 
ther I have followed an idle purfuit, or dedi, 
cated my hours to animportant object, that has 
already proved in no. inconfiderable degree be- 
neficial to mankind... 


Cafes of the Eleétric Power, applied in the 
Form of Radii or Fluid. 


J. M. aged 18, received a blow from a ham- 
mer on his thumb, the pain of which extended 
up his arm, the flexor mufcles were in a {hort 
time thrown into fuch ftrong action, that the 
fingers were immoveably contracted. The 
proper remedies, both internal and external, 
were ineffectually applied for feveral weeks; the 
lad was then fent to St. Thomas’s hofpital, un- 
der the care of Mr. Chandler, who, finding his 
applications unferviceable, fent him to the elec- 
tric room for my opinion. In the prefence of 
feveral of the young gentlemen, I placed the lad 
on the infulated chair, and connecting him to 
the prime conductor, I drew the electric fluid 
from the fore arm by a needle point. In about 
three minutes he complained of uneafinefs in the 
flexor mufcles of the fingers ; immediately the 
fingers began to extend, and.in about five mi- 
putes he had the complete ufe of them. | 

) | The 
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The indentation in the palm of his hand was 
confiderable, from the length of time the fingers 
had been contracted. I prognofticated this effect 
would not be permanent ;-it continued, however, 
till the hour of reft; but in the morning the 
hand clenched. This readily gave way to the 
Ye-application of electricity the next day; on 
the third day, the fpafm returned, but in a 
much flighter degree ; the fame application was 
continued for fix days, when the mufcles ap- 
pearing to have recovered their tone, it was de- 
fifted from. Some appearances of relapfe being 
obferved on the roth day, electricity was re- 
fumed, and continued for feveral fucceffive days, 
and at the expiration of a month, the lad was 
prefented from the hofpital well. About four- 
teen days after, he returned to the hofpital with 
his fingers again contracted, owing to an exer- 
tion he had made in the ufe of a hammer at a 
fmith’s forge. Electricity was applied as before, 
and with the fame good fuccefs. The young 
man who had the conduct of the machine, 
chufing to depart from the fyftem I recommended 
~ onthe third day, drew fome fparks, and paffed a 
few flight fhocks though the mufcles’of the 
forearm, which immediately caufed the con- 
traction of the fingers, and fo ftrong that they 
could not overcome it by the fluid for the three 

fucceeding 
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fucceeding days. I was then acquainted with 
the fact, and putting the machine into high 
order, I drew the fluid from the hand and arm 
for about fix minutes; I then perceived a tre- 
mulous motion take place in the flexors, which 
was followed by an extention of the fingersn ¢ 
after the other; the antagonift mufcles then 
acted fo forcibly as to bend back the fingers; a 
perfect relaxation of fpafm next took place, and 
the lad was relieved as ufual. I directed this 
gentle treatment to be continued every day fora 
fortnight, when he was again difcharged. from 
the hofpital, cured. 


A fhopman of Mr. Baratty’s, of Fifh-ftreet. 
hill, had been three years afflicted with a cold- 
nefs, and total lofs of the ufe of his lower ex- 
tremities; he had gained no relief from the 
advice and remedies he had ufed, and therefore 
was fent for my opinion. Upon examination 
of the {pine, I found no reafon to conjecture it 
depended on any affection of that part; the 
difeafe had gradually come on from a chill, after 
heating himfelf ina f{ummer’s day ; he was other- 
wife well in health; I therefore thought the — 
electric friétion or fhock might probably be — 
ferviceable, and I put them in ufe. The firft 
week I made popeiy frictions, but with no 

advantage : 
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advantage : the week following I ufed thocks; 
and increafed them from day to day, but the 
patient was not better; however, he felt no in 
convenience from the experiment. I then pro- 
pofed to him, that for one month he fhould 
regularly fuffer me to draw the fluid only, 
through the affected limbs, and I had not ad=_ 
hered to this fimple experiment more than one 
weck, before evident advantages were perceived : 
I determined, therefore, not to alter my plan, 
and within the month propofed, my patient 
was able to walk with the help of a ftick only. 

Somebody advifed him to ufe cold bathing, 
but he ftaid fo long at the edge of the bath, that 
no re-action followed the ufe of it, and his extre- 
mities again failed him. THe applied to me, 
and I put the fame method of electricity in ufe, 
with equal good fuccefs; the patient obtained 
a perfect cure. | 


A young gentleman, whilft a pupil at S¢. 
| ‘Thomas’s hofpital, had an eruption of his face; 
- which followed a fever, and which had refifted 
all the advice and treatment of eminent abilities 
It appeared in fmall blifters, which broke and 
-fcabbed, and were extremely unpleafant in their 
appearance. I perfuaded him to let me try the 


etapa of drawing the pee fluid through 
the 
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the parts, to which he readily fubmitted, though 
he laughed at the propofal; the inftant relief 
he found from it’s firft application changed his 
tidicule into hope; he was glad to repeat it 
every day, and in one week he was well. Some 
weeks after he was fifhing, and expofed to the 
power of the fun, which renewed the blifters ; 
he called on me that day, was electrified a few 
times, and relieved as before. ; 


Mr. A—— having been a great while under 
the care of my friend Dr. Huck, for an erup- 
tion on his hands and fingers, without the leaft 
relief, came at length to confult me by the 
doctor’s defire: the eruption had been fufpected 
to be the itch and feurvy, and had been treated 
accordingly at different times; the difcharge 
was copious, the fkin ftiff, and the fingers un- 
pliant. It was in. vain to propofe unguents or 
lotion, I knew the {kill of Dr. Huck had left 
none untried; I had only to propofe the expe- 
riment of the electric fluid, which immediately 
gave fo pleafant a feel to the {kin, and rendered 
for a fhort time the fingers fo phable, that the: 
patient dnd myfelf were equally furprized at the 
effect. I requefted that no application fhould 
be made externally or internally; Iapplied the 
fluid only oncé a day, and in a fortnight he was 
quite well, and has remained fo ever fince. 

About 
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About two years fince, this fame gentleman 
finding a little girl, about g years old, affected 
exaétly in the fame manner, recommended her 
to my care. JI applied the electric fluid in-the 
fame manner, and fhe was curéd in one week’s 
time. 


An infant under three months, who had fucked 
her mother during an inflammatory fever, was 
fo exhaufted, that Mr. Crawfurd thought it im- 
poffible fhe could furvive the day. The mother 
had recovered, but was in a very weak ftate; the 
child had loft all febrile fymptoms, and had 
formed a critical abfcefs near the knee, but thé 
powers of life feemed to be exhaufted to fuch a 
degree, that the infant was incapable of taking 
fuftenance, or refrefhing itfelf by fleep. In this 
_ ftate Mr. Crawfurd thought it would. be a very 
fair experiment, to try if the ele@tric fluid would 
as it were re-animate the fyftem. ‘The nurfe be. 
ing feated in the infulated chair, the fluid was 
drawn through the child for a few minutes; 
the languid pulfe was evidently ftrengthened, 
the child went almoft immediately into a quiet. 
fleep, which lafted two hours; on waking, it 
took the breaft, then flept again; in the evening 
it was moft clearly better. I electrified it again; 
ficep and food alternately occupied it till the 

morning ; 
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morning; from this time the child throve and 
grew ftrong: the abfcefs in a few days pointed, 
I pun@ured it, and difcharged an ounce of good 
pus; two other abfcefies formed, and at leaft 
an ounce of matter was difcharged from each: 
daily electricity was continued, the abfceffes 
were only kept clean, and dry lint applied 
to them; the Peruvian bark was given to 
the mother. . Notwithftanding this large depot 
of matter, the child mended daily, the puncs - 
tures healed kindly, and the child recovered. 

Two years after I innoculated it for the {malls 
pox. | 

An iso of fix months, remarkably healthy; 
and born of very healthy parents, was innocu- 
lated in the {pring of. the year 1780, and had 
the {mall pox very favourably; fhe was purged 
afterwards and returned home. In about ‘twa’ 
months, the lymphatic glands in the neck ap- 
peared tumid, the child loft her appetite, her 
feeces were of a bad colour, fhe fell away, and 
the tumours increafed. Dr. Hebberden was 
confulted, and after the child. had taken the 
medicines he direéted for fome weeks, without 
any relief, I waited on him, to know his opi- 
nion of the cafe: with his ufual perfpicuity and 
-candour; he told me, he thought the child 
M m | mult 
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muft die, becaufe the glands of the mefentery — 
appeared to be as much difeafed as thofe of the 
neck, which now were fuppurating. For a der- 
nier refort, I propofed to him a trial of the 
electric fluid, to which he readily affented, as 
from that mode of application he thought no 
harm could refult. | 

_ The next day I placed the nurfe in the chair, 
with the child in her lap; Etied the wire, con 
nected with the prime conductor, to the infant’s 
hand, and drew the fluid through the tumours ; 
I next prefented it to the abdomen, and con- 
tinued the operation a few minutes: the fenfa- 


. tion appeared agreeable to the child, for fhe 


fmiled and played during the whole time: as 
fhe rode home fhe fell afleep; on waking, fhe 
took nourifhment, appeared more cheerful du- 
ting the evening, and refted well at night. In 
a very few days, there was a vifible alteration 
in the child’s fpirits and general appearance ; 
the tumours, which I thought would burft every 
night, did not difcharge till the tenth day; fhe 
then gained appetite and ftrength: I applied. 
nothing but dry lint to the ulcers, and con- 


tinued to draw the electric fluid through them: 


daily; they healed quickly, the furrounding. 
glands diminifhed, the abdomen grew foft, and — 
in about two months fhe was recovered. The 

fummer 
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fummer advancing, L advifed fea-bathing, which 
was accordingly put in ufe; the girl has been ~ 
fince in perfect health, and no marks of {cro- 
phula have ever appeared. 


ee 


A fervant maid in my neighbourhood was 
feized in the autumn of 1781 with a conftipa+ 
tion in the bowels. The firft day fhe kept her 
complaints from the family; the next, fhe was 
fo ill, that the apothecary was fent for. He 
endeavoured by five purgative dofes, given at 
proper intervals, to open a paflage ; on the third 
day, the medicines. being ineffectual, a cly{- 
ter and the warm bath were adminiftered ; 
nothing fucceeded, her pain was extreme, her 
pulfe very quick and low. She began to vomit. 
In this excremity it was propofed to electrify 
her; fhe was brought into my houfe, and placed 
in the infulated chair. I connected the chair to 
the prime conductor by a wire, and drew the 
fluid through her cloaths with a ftcel point. 
She inftantly complained of a burning heat all 
over her body; in lefs than two minutes, the 
pain in her bowels increafed fo violently, that 
fhe fainted; on her recovery fhe felt quite ealy, 
and was in fuch a hurry for an evacuation, that 
the could featce reach the. convenience. After 
this, fhe was cartied to her bed, and fell afleep. 

Mm 2 “In 
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In about four hours after, her pain and con/iipa- 
‘ion returned ; I directed her to have the expe- — 
riment repeated ; it was followed with the fame 
fuccefs, a fecond evacuation was produced in 
five minutes: her medicines now took effect, 
their operation, as may be fuppofed, »was vio- 
Tent: the refi of her cure remained with the 
apothecary ; fhe recovered in a few days. | 


A lady upwards of 70 years old, of a firm 
and healthy conftitution, after a fit of the gout, 
had her foot and ankle {welled and weak: fhe - 
hoped the advantage of country air and exercife 
would reftore it, but fhe got no better. As fhe 
paffed through London, fhe confulted me; I 
perfuaded her to let me pafs the electric fiuid 
from a point through the affected joint; fhe 
complained of feeling a creeping fenfation up 
her leg as I was electrifying the ankle, it was 
then evening, fhe grew hot and reftlefs, flept ill 
that night, and the next morning was furprized 
with an eruption of the catamenia. I-was not 
alarmed at this, as I had known fimilar circum- 
ftances; I requefted her to keep at home and 
do nothing: after the third day they difap- 
peared ; “the fwelling of her foot fubfided, fhe 
recovered the {trength and ufe of the limb, and. 
returned into Sufiex pertectly well. 


al ‘ 
cL * 
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By Fridiion. 


Intermittent complaints were extremely fre- 
quent in the years 1780 and 81, infomuch that 
the failure of the Peruvian bark, which had been 
confidered as a fpecific in this diforder, was re- 
marked by many practitioners, and hence the 
red bark was introduced. 

Several ‘patients were fubmitted to the expe- 
riment of electricity, when other means failed 
of fuccefs, and the refult of repeated experi- 
ments was remarkable. 


A young man, aged 92, had been 6 months 
afflicted with an ague, which at it’s commence- 
ment was a tertian, and degenerated into a 
quartan ague; he had taken the cortex and 


various other remedies without fuccefs, he was 


much emaciated; I electrified him with fric- 
tions, directed him to try the bark ‘again, and 
to come when he expected his next fit. The 
bark would not ftay upon his ftomach, but he 
came on the day he expected his fit, one hour 


previous to it’s ufual time. J placed him in the’ 


infulated chair, and applying the ball of the 
glafs-mounted dire@tor, connected to the prime 
conductor by a wire, to the region of the fto- 
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mach, I poured a ftream of electric fparks inta 
the fiomach, and extracted them by a brafs ball 
applied up and down the fpine: he perceived 
himfelf warm and eafy, yet at the expected time 
his rigor attacked him, 1 immediately electri. 
fied him again.in the fame manner, and in lefs 
than 3 minutes his rigor ceafed: in 15 minutes 
the rigor returned, I repeated the operation with 
the fame effect; his pulfe now quickened, and 
the fever came on; he went home and into his 
bed, the fweat’ fucceeded, and the paroxyfm 
ceafed; the fucceeding day he found himfelf 
much better than ufual. I continued to elec- 
trify him in the fame manner the 4 following 
days, and his fit did not return; then [ directed 
him to take the cortex in powder, which agreed 
well with, als fRomach, and his ague was 
cured, 


Mr. Salcinftall hearing of this cafe, requetlted 
me to electrify a patient of his, who had a quar- 
tan ague, which refifted the cortex and other 
remedies, ‘I applied the {parks to him in the 
fame manner, and at the accefs of the cold fit, 
with equal fuccefs. After being ele@trified, the 
cortex would reft upon his ftomach, and his 


ague never returned. 


A fer- 
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A fervant in my neighbourhood had been for 
many months afflicted with a quartan ague, for 
which ke had taken a variety of remedies with 
very little relief. Jn April 1780, he was tor- 
mented with a periodical pain in his head, pre- 
ceded by fhiverings and attended with'fever. A 
phyfician directed for him a vomit, and the cor- 
- tex to be freely taken after it: this judicious 
treatment however gave no refpite to his pain, 
or alleviation to his fufferings ; I was therefore 
induced from compaffion to try the effects of 
electricity on his cafe. I infulated him, and 
pafled the ftream of electric fluid from the fore- 
head through the back of the head; this fpeedily 
gave eafe, but only fora few minutes: I then 
covered the head with flannel, and rubbed the 
{parks along the os frontis, extracting them from 
the occiput for a few minutes. This application 
fucceeced, his pain ceafed, he paffed a com- 
fortable evening, and flept well at night; but 
about an hour after he rofe in the morning, his 
pain returned as viclent as ever: he came, and 
T repeated the frictions as before, but could gain 
only a momentary intermiffion-of his anguifh ; 
I refolved therefore to try the effect of a gentle 
fhock, through the affected part; his pain was 
inftantly removed to another part: I repeated 
the fhock in the direction he pointed, the pain 

Mem 4 - vanithed, 
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vanifhed, and never returned. By the advice of 
the phyfician, he continued the bark a few oe 
and recovered his health. 


at 


A maid fervant was aflided with a fimilar: 
complaint, which refifted the bark; I electri- 
fied her with the fparks, and ftopped the pain: 
fhe remained well 14 days, and then an heavy 
wafh. renewed the’ pain: 1 electrified her afe-— 
cond time in the fame widens and completed: 
her cure, Ht 


A fervant in the Temple had been long af- 
flicted with a quartan; I electrified him at the 
accefs of the cold fit, by the frictions applied to 
the ftomach, and extracted from the f pine, and 
_ ftopped the rigor; no fever enfued, and he re- 
mained well one month.. When waiting for his 
mafter at the Houfe of Commons, he got wet, 
and his ague returned; he then took a vomit, 
and two ounces of good bark, but his ague con. 
tinued, I began again with electric frictions, 
and fucceeded in ftopping the fit the firft time 
j applied them: I afterwards electrified him, 
every fourth cay, for one month, and his ague 
did not, return, 


I did not Lae Price® from an attack sf 
intermictent fever, My friend, Dr. ‘George 
‘4 Fordyce, 
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Fordyce, directed for me an-emetic, and fome 
febrifuge draughts; after the fecond fit, he ora 
dered the cortex, of which I took an ounce and 
half, and I flattered myfelf with fudcefs, for fea 
veral hours ‘elapfed beyond the lexpeéted time of 
the returning paroxifm. Juft’as I was fitting 
down to dinner, a naufea and chillnefs feized 
me, my pulfe quickened,) and the fever ap- 
proached’; [ ordered my bed to be prepared, 
but I] withed to experience the fenfation of elec 
tricity under? this ftate of approaching. fever: 
accordingly I was infulated, and friGions paffed 
through the ftomach and fpine; ‘the feel was 


vaitly agreeable, a glow returned upon my fkin, 


and the quicknefs of my pulfe abated: on my 
return to the dining-room, I found the effluvia 
of the table not difagreeable to me, I could have 
tafted fomething, but I refrained; I fat by the 
fire 1¢ minutes, and found myfelf revive: before 


I went up ftairs, I repeated the electric’ fric-. . 


‘ tions, and when I reached my drefling-room, I 


was too well to go to bed; fo I amufed myfelf : 


with reading for an hour, when I found myfelf 
perfectly eafy, free from heat or thirft, my pulfe 
quite moderate, and my ftomach wifhing for 
food; I took only fome tea, with bread and 
butter; at fupper-time I eat fome vegetable, 


and went to bed at twelve, quite well. I con- 
I tinued 
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tinued well the next day, went abroad, and had 
appetite; I refolved to take no medicine for 
the fake of the experiment, 1 paffled a good 
night, but at 8 o’clock in the morning | found | 
the fever beginning it’s attack; I rofe imme- 
diately, and ran to the machine; I was elec- 
trified in the fame manner, and the fymptoms 
flew before it. J remained well that day and the 
next, but the following morning, at g o'clock, 
I began again to change, the electric machine 
was a third time applied to with equal fuccefs, 
and from that period I never had any return of 
my complaints. 


A young lady, during the month of her lying- 
in, was feized with a paralytic affection of the 
‘mufcles on one fide her face; the eye-lid 
dropped, and the mouth was drawn on one 
fide; ftimulents were applied to the part with- 
out relief; when fhe was able to go abroad, fhe 
came to confult me. I covered that fide of the 
face with her fhawl, and drew the fluid through 
it, firft with a piece of wood, and a few days 
after, with a brafs ball in a wooden handle; the 
cheek, on the aftected fide, was flufhed witha 
beautiful vermillion colour every day, for feve- 
ral hours after the application; in lefs than 3 
weeks fhe was perfectly recovered. 


Thele 
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Thefe local attacks are not uncornmon, and 
when unattended by further fymptoms, ; are not 
confidered of much moment. 


A-young man, aged 23, was feized with a pa- 
ralyfis, which affected his fpeech, and the 
mufcles of his face and arm: finding des re- 
lief from the ufual remedies, he applied to elec- 
tricity; by the ufe of powerful frictions with a 
metallic ball, he was completely raat in 
about one month. , 


Ay old man, who for 3 years had been groan- 
ing under the affliction of an hemiphlegia, and 
who, though wealthy, had nor the heart to ap- 
ply to a phyfician for aid, and had too much 
pride to afk relief from an hofpital, came re- 
commended for advice. I infulated him, and 
put in ule powerful electric frictions, which 
perfectly cured him within one month. 


A gentleman, who had been many years an 
invalid, but who had attained his 60th year, 
being oppofed toa bleak wind, was blighted, 
if I may be allowed the expreffion, on the ex- 
pofed fide; the mufcles on that fide his face 
entirely loft their ation; his. eye-lid dropped, 
his tongue hung flobbering from his mouth, his 

face 
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face was drawn on one fide, his fpeech affected, 
and his arm and hand benumbed ; -his leg was 
but flightly attacked. In this fituation, he ‘ad= 
vifed with Dr. Hugh Smith, who was no inac- 
tive practitioner; but during a month, he re- 
ceived little or no benefit. » By the doctor’s ad- 
vice he applied to me; I confeis, I defpaired of 
being able to render any relief to this patient, 
whofe habit of infirmity was not unknown to 
me} but being urged by a lady of his acquaint- 
ance, to leave no exertion untried, I ventured 
on the experiment ; and the rather becaufé this 
lady, who was-an infidel refpecting electricity, 
declared, if |her friend’s'cafe was relieved, fhe 
would give! credit to all fhe had heard. The 
method [ put in ufe, was infulation and electric 
frictions, which from day to day gained vifible 
advantage, and in a few wecks ‘eftablithed a 
cure; my patient being able to ride, and take 
fufficient exercife, befide attending to an intri- 
cate train of profeffional bufinefs, which called 
for his mental exertions. In the long vacation, 

he journied to Wales, and returned in the win- 
ter in much better health than he had been ac- 
cuftomed to enjoy. Every fpring, ‘for 3 fuc- 
ceffive years, he wifhed to have a courfe of 
electric operations, which he thought reanimated 
his nerves, . He is at prefent living, and enjoy- 


1 ng 
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ing a -ftate of health, enabling him: to ufe. daily 
horfe ‘exercife, with a chearful mind, and a vi- 
gout of health, which indicate no probability of 
his clofing ihe pores of his exiftence lags 


Cajes y the Eletivse Power applied “i in the Form 
| of Shock. | 


A boy 12 years old, in the workhoufe of Sr. 
Clement’s parifh, had been left there two years 
with a fixed jaw, and with an enlargement of 
the glands from the fubmaxillary to the clavicle. 

- He had been: in St. Thomas’s  hofpital . 
without receiving benefit; he took his food : 
through an aperture left by the lofs of two | 
teeth, and excepting this local malady, was.in 
good health and fpirits.. As it was cuftomary 
for the children to flock about the machine, i 
one day paffled a moderate fhock through the — 
mafleter mufcles and angles of the lower jaw; on 
my next vifit to the houfe, the mafter furprized 
me with faying, the boy had been able to fepa- 
rate his teeth ever fince: this unexpected 
amendment induced me to repeat the applica- 
tion. On the fecond repetition, I perceived evi- 
dent advantage, I therefore daily attended to it, 
and paffed fome fhocks through the enlarged 
glands, one of which, in about 14 days, came 

. to 
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to fuppuration: the difcharge from this affifted 
the relaxation of the jaw, and gave me an op 
portunity to difcover a large portion of difeafed 
bone, which I extracted a few days after: the 
pain of extracting this portion of the jaw 
brought on the fpafm, which was completely 
relieved the next day, by the application of the 
_ fhocks. | 

_ The caufe of the difeafe being thus removed, 
nature effected the remainder of the cure, by 
difperfing the enlarged glands with the help of 
electricity, fupplying the chafm made by the 
exfoliation, and re{toring the lad, who was very 
much disfigured by the difeafe, to a decent, and 
not uncomely countenance; in confequence of : 
which, his parents relieved the parifh of his | 
burthen, by apprenticing him to their trade. 


A young woman, who came into the work- 
houfe pregnant, had been obliged to labour, 
almoft barefoot, during the latter ftages of her 
pregnancy, in cold and wet fituations. On her 
recovery from child-birth, her legs and feet 
were numbed and cold, her ankles extremely 
weak and painful; when the attempted to ftand, 
fhe had great pain in her ankles and trembling: 
having recovered her health in every other re- 


fpect, and the apothecary finding general reme- 
) dies 
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dies of no effe&t, I was defired to try the ex- 
periment of electricity. I paffed gentle fhocks 
through the ankles, where fhe defcribed her 
chief complaint to refide. The pain was ins 
{tantly relieved, a glow came on the lower limbs, 
and continued for fome hours. On repeating 
the fhocks the next day, the pain was removed 
to her knees, and did riot return to the feet. On 
the third day. after being electrified, fhe was 
able to walk, but her nervous tremblings ftill 
affected her. I therefore paffed gentle fhocks 
from day to day, from her hands to her feet in 
crofs directions: thefe quickly removed her. 
tremblings, fhe gained {trength daily, and ina | 
fortnight went out of the houfe perfeétly well. 


A fifhmonger in my neighbourhood, who had. 
 joft the fight of one eye in his youth, applied to 
me, with an acute pain in his head, which he 
had fuffered for fome weeks, and which affected 
the vifion ofhis other eye. The pain fhot from 
his forehead to the fummit of the cfanium, 
produced convulfive fpafm of the upper extre- 
mities, which were followed by tremors and 
great oppreffion of fpirits. Confiding in the 
notion of the electric fhock being harmlefs, un= 
der proper management, I did not hefitate to 
pafs one through the brain, in the dire@tion he 
| pointed 
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pointed out, that is, from the frontal finus te 
the fummit of the cranium. He was inftantly 
relieved from his acute pain, the fight: of his 
eye became perfect, and he thought himfelf 
cured as by magic. 

Not trufting to the permanency of fuch: fud- 

den relief, I perfuaded him to let me repeat the 
fhock, after which I paffed others from the 
fammit of the cranium to the vertebre of the 
neck, and from the vertebra of the neck to the 
hands. I prognofiicated his pain would return 
in a few hours. 
"In the evening the pain did return, but was 
neither fo violent, nor of fo long duration; L 
repeated the fhocks the next day; on the third 
day he faid his pain had vanifhed, but the 
weight of his hat was irkfome to him: on re- 
peating the fhocks in the fame manner, this 
fymptom immediately difappeared, and he 
could wear his hat with eafe: on the fourth day 
he was free from all_complaints, his pain, his. 
defect of vifion, his tremors and_ his oppreffion 
of fpirits had quite left him. 1 paffed the fhocks 
again for the laft time, and had the fatisfaction 
to find a long while after, that his cure. remain- 
ed compiete. xia 7 

A young woman under the care of the late 

. Mr. 
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Mr. Elfe, Surgeon of St.. Thomas’s hofpital, 
had repeatedly ftrained her wrift, in confequence 
of which the ligaments were fo weakened, and 
the furrounding parts fo enlarged, that fhe had 
no ufe of her hand, I would have undertaken 
the cure in this ftare, but Mr. Elfe thought it 
would give way to the fucceflive applications of © 
fteaming, bliftering, and bandaging. After ten 
months ineffectual trial’ of thefe remedies, he 
delivered “her into my care. She had ac- 
quired fome fmall degree of flexion in her fingers, 
arid fome little ftrength in her wrilt, but not 
enough to grafp a knife, or lift the fmalleft 
weight. My mode of electrifying her was, paf- 
fing fmall fhocks through the parts affected 
every day; fhe gained fenlible advantages each 
time it was done, and in fourteen days, I pre= 
fented her to Mr. Elfe holding a pitcher in that 
hand containing two quarts of liquor. Ina few 
days after fhe was difcharged well from the hof 
pital. After 6 weeks fhe prefented herfelf to Mr. 
Elfe for infpection; her hand was ftrong and 
ufeful; and free from pain, fome little enlarge- 
ment and fliffnefs remained about the wrift joint, 
which yielded to the repetition of the fhocks in 
three days; but as fhe was able to execute the 
work of her fervice with eafe, and to wafh and 
{cour rooms, it was inconvenient for het to at- 
Na tend 
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tend at the hofpital longer. Six years after her 
recovery, fhe again ftrained the fame wrift, in 
wringing Cloaths ; fhe fought me at the hofpital, 
and I again electrified her in the fame manner, 
and cured her completely. The laft application 
was in the year 1785, and I have feen her. 
within thefe twelve months, perfectly well. 


Mr. Elfe being fatisfied of the powers of elec- 
tricity by the preceding cafe, defired me to 
take the cafe of a woman in St. Thomas’s hof- 
pital, who after recovering from a fracture of 
the knee-pan, by a fecond fall had injured the 
patella and it’s ligament, in confequence of which 
confiderable tenfion, pain, and enlargement of 
the knee-joint, and of the whole limb enfued. 
It had continued in this tumid and motionlefs 
ftate for eleven weeks, notwithftanding cata- 
plafms, embrocations, fomentations, and band. 
ages had been put in ufe. 

I ventured to make trial of the ele&tric thocks. 
in this cafe, and paffed feveral through the joint 
‘and through the whole limb, till fhe was fen- 
fible of an unufual warmth, which immediately. 
removed her pain ; for three hours after the felt, 
a remarkable throbbing, and her firft fleep was 
ditturbed by the fenfation of the fhock pafling. 
through the limb, a fymptom not at all unufual. 

Y ie : The. 
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‘The next day the {welling was apparently lefs, 
and fhe had placed her fhoe on her foot for the 
firft time. I repeated'the fhocks. 

The third day after being electrified, fhe 
was able to put her foot to the ground. On 
- the fourth day, the {welling had’ quite fubfided; 
and fhe was able to walk with one crutch. I 
would have defifted from electrifying her, as the 
intention of reducing the fize of the limb was 
an{wered} but fhe requéited me to continue it, 
in hopes it’ would expédite the free motion’ of 
the limb. At the end of twelve days fhe was able 
to walk into'the ftreer ; but. having left off a 
bandage by my direction, left ir fhould impede 
circulation, fhe perceived a crepitus in moving 
the limb, which’ was at fome times fo confider-’ 
able as'to impede it’s ufe, and to produce great 
pain and fome fwelling: [therefore applied a’ 
proper bandage, which remedied this inconve- 
nience, and the was difmiffed from the hofpital 
ina few days after. 

The fuecefs which followed the application of 
electricity to the two laft cafes, induced Mr. 
Elfe to fend for me in the month of June 1779, ° 
to.a man whom he had taken into the hofpital’ 
for what ist commonly called a white fwelling’ 
of the knee-joint.. The difeafe commenced’ 
about three weeks before his admiffion ; he was 

Nn2 firft 
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firft attacked with a fharp pain under the pa- 
tella, which was followed by a {welling, the 
agony of which produced a confiderable fever, 
which lafted nine days, and then left a vaft en- 
largement of the joint, with evident fluctuation, 
the limb contracted and wafted both above and 
below the knee. On minute examination, the 
- inner condyle of the femur was enlarged; I 
thought this circumftance an objection to _ 
my experiment, but at. Mr. Elfe’s defire, I 
began to electrify him with moderate fhocks, 
which produced an immediate warmth in the 
part, continuing for four hours after. I vifited 
him every day, and-repeated the fhocks. Onthe 
third day, he could fet his foot to the ground ; 
the {welling gradually leffened from day to day ; 
the fluid was reabforbed, the. limb gained 
ftrength, the mufcles filled out, and at the end 
of the fortnight he was able to walk as far as 
Tower-hill. On.that day he omitted to be elec- 
trified, but felt the want of it fenfibly: I re- 
fumed the fhocks the next.morning, and con- 
tinued them to the end. of the fifth week, when 
the tumor of the foft parts was entirely reduced, 
the contraction of the limb remeved,. it’s fize 
reftored, and the leg perfeétly ufeful. He was 
defirous of returning home, and accordingly was. 
prefented cured from the hofpital.” | 
The. 
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' The enlargement of the inner condyle of the 
feraur was very evident when the tumor of the 
foft parts fubfided, but on examining the whole 
limb, I found a fimilar appearance at the lower 
extremity of the tibia, and the patient told me 
that about ten years preceding, when a boy, he 
went into the water after. {trong exercife, in. 
confequence of which he loft the ufe of his lower 
limbs, which confined him feveral weeks to his 
bed. On his recovery thefe two {wellings were 
obferved, which had continued ever fince with- 
out ‘much inconvenience to him. 

Mr. Elfe giving little credit to this account, 
feemed to think the cure incomplete, but I had 
réafon from particular inquiry to think the fa& 
was as the patient related, and therefore it was 
agreed the man fhould prefent himfelf before us 
at the expiration of fix months, which he ac- 
cordingly did, and Mr. Elfe-was fo fatisfied of 
the effects of electricity, as todeclare he would 
never amputate another limb for this complaint, 


till it had been properly tried. 


Yn the month of September following, Mr. 
Elfe defired me to repeat the experiment, which 
had fo happily fucceeded in the laft cafe, on a 
boy, aged 16, who was admitted into St. Tho, 
mas’s hofpital with a fimilar {welling of the 

Nng3 : kaee- 
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knee-joint. The Jad’s account was, that on the 
Igth of Auguft, whilft fleeping ina chair, he 
was feized with an acute pain about the knee- 
_ pan, which waked him; the joint became im- 
mediately ftiff, and foon after began to fwell; 
the pain increafed, and was attended with a 
confiderable degree of fever for feveral days; 
when the tumor had increafed to a certain de- 
gree, the pain and fever-abated, and left him 
with a ufelefs limb, much contracted, and in- 
capable of touching the ground; the mufcles 
above and below the joint, wafted, flaccid, and 
inelafiic. Some blood was taken from the part 
by leeches, but without any relief. | 
September 26th, I undertook the treatment 
of him ; I pafied gentle fhocks, as in the for- 
mer cafe, until the part felt a fenfible glow of 
heat. The fkin was fo much diftended, that it 
had a fhining appearance, as if f{meared over 
with the white of egg; but in four days this ap- 
pearance. left him; the boy found fome flrength, 
and much more warmth in his leg. 
October 1ft, he was feized with a diarrhoea, 
at that time ‘epidemic ; he was fpeedily cured, 
by the attention of the phyfician; but this cir- 
cumftance had no effect on his knee. On the 
4th of October, my apparatus broke, and being 
fent for to Brighton, he was left without any 


aid 
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aid till the 16th, at which time I found him 
precifely in the ftate I had left him. I then 
refumed the fhocks, the good effects of which 
were plainly evident, for he could immediately 
move the limb with acquired facility; he now 
began to mend very faft, in a few days he flung 
away one crutch, and fhortly afterthe other, 
_ .On the 26th of October, he was able to walk 
from the Borough to Effex-ftreet in the Strand, 
and to return home again with the affiftance 
of only one ftick. ‘The {welling changed from 
the inner condyle of the femur to the external 
one, with a deep feated fluQuation towards the 
patella: the limb was reftored to it’s fize and 
power, the contraction almoft removed, and the 
{welling very much abated. I continued the 
fhocks till the 14th of. November, when the 
fluid was entirely abforbed, the contraction re- 
moved, the limb was ftrong and perfectly ufe-. 
ful, and the lad being defirous of returning to 
his bufinefs, was difcharged from the hofpital 
well. | 

I examined him the 17th of May, 1780, and 
was happy to find he had been perfectly well 
ever fince. 


A woman was admitted into St. Thomas’s 
hofpital, who had formerly had this fwelling of 
Nea > ae 
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the joint, which had been treated with fomen- 
tations, leeches, and internal remedies, and had 
for fome time a difcharge by two ifiues made 
with cauftics, on each fide the patella. The 
amputation of the leg had, by thefe means, been 
poftponed ; but as the knee was contracted, and 
the limb wafted and ufelefs, the patient was not 
unwilling to haye it removed, fince the incon- 
venience of it prevented her going to fervice. 

I firft thought it proper to try the effects of 
the eleciric fhock, which happily fucceeded in 
removing the contraction, and giving tone to the 
mufcles of the limb, fo that in a few weeks the 
woman left the hofpital perfectly well, 


An. apothecary in Weftminfter, who had been 
attacked with this difeafe, was cured by the 
taking repeated vomits of turbith mineral; the 
effects of which, however, fo deranged the fto- 
mach, that it never recovered it’s tone. In the 
winter of 1783, he was again attacked with, a 
{welling of the knee, the progrefs of which was 
extremely rapid, and he was incapable of check- 
ing the pain by the comfort of opium, becaufe 
his ftomach rejected both food and phyfic. In 
an extremity of anguifh, with an high fympto- 
ynatic fever, dejected fpirits, refting his laft 
hope on the relief of Bath waters, but incapable - 

of 
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of any motion, he fent for me, having heard of 
the fuccefs I had met with in fimilar cafes, 
When I got to his houfe, Mr. J. Hunter was ex- 
pected ; I waited to confult with him, and learn- 
ing the hopelefs hiftory of the cafe from him, I 
propofed immediately to pais the fhock. 

The patient was much alarmed at my propo- 
fal, conceiving in the agony he fuffered, that an 
electric fhock would increafe his mifery. I 
thought otherwife, and perfuaded him to try 
the experiment, in the prefence of Mr. Hunter. 
The thock was not painful, as he expected; on' 
the contrary, he bore feveral repetitions of it, 
till the part felt fuch a glow, as it fhould do 
after a well-applied fomentation. I left him 
rather lefs in pain, and much fatisfied with the 
experiment. In the evening, I vifited him 
again, found him more eafy, with a lefs frequent 
pulfe; and after having repeated the fhocks, he . 
was able to move himfelf from one fide af the 
bed to the other. He got fufficient fleep that 
night to refrefh him, and was fenfibly better in 
the morning, I repeated the fhocks morning 
and evening; on the fecond day, he was able to 
get out of bed and have it made ; he flept well 
that night; his fever fubfided ; fmall dofes of 
opium abated the irritability of his ftomach: 
from the third day, he gained apparent advan- 

| tage 
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tage each time he was ele¢trified: at the end of 
- a fortnight, he was able to ride in a coach to my — 
houfe: at the expiration of three weeks, he re- 
turned his vifits, walking with the help of one 
ftick: in a month he was perfectly well. 


A gentleman who had neglected the cure of 
repeated hernia humerales teftis, applied to me 
with a very large fcirrhus of one of his teftes, 
which I firft attempted to refolve by mercurial 
friction, by vomits, cataplafms, and other exter- 
nal applications. Thefe a€tive remedies failing | 
of fuccefs, I confulted Mr. Elfe, who thought 
caftration the only refource; but as the fper- 
matic chord was not enlarged, he advifed the 
operation to be deferred till pain approached. 

During this interval, I propofed to pafs the 
fhock of a jar, which would contain two quarts 
of water, through the part; the pain of this 
fhock was not fo much as I expected; the tu- 
mor, though large and pendulous, was lifted by 
the action of the cremafter mufcle tight up to 
the abdominal ring ; a confiderable heat was felt 
for fome hours in the part. Nothing further 
was done for a month, at which period I thought 
the hardnefs not fo ftoney, and propofed to re- 
peat the fhock, which was.done. He went out 
ef town for another month; at his return I 

| could 
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could plainly perceive the tumor Hemi into 
three bodies; I therefore repeated the fhock. 
He went far diftant, and did not return to Lon- 
don for 9 months, when he fent to me; I fup- 
pofed it was to fix-a time for the operation, but | 
to my aftonifhment, it was to fhew me the dif- 
folution of the tumor. This cure has remained 
perfectly well ever fince, and if there is any dif- 
ference between the teftes, it is, that the dif- 
eafed one is rather the fmalleft. 


Fao Oley. Spay 8 


Take an orange, or an onion, place the direc- 
tors on it’s oppofite fides, and pafs a fmall 
fhock, it will be conducted round from one 
direftor to the other by the fluids in the fruit; 
but pafs a confiderable fhock from a large jar, 
it will illuminate the whole pay and pervade 
every part of it. | 

Does not this point out the propriety of large 
fhocks, when a fcirrhous gland is to be rouled 
into aétion? 


A gentleman, who had becn under the care 
of Mr. Hunter for a fcirrhous teftis, and who 
was recommehded by him to try electricity, ap- 
plied to me for that purpofe. As his habit was 
weakened by mercurial frictions, which had 

been 
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been put in ufe, [thought it advifeable to direc 
him the bark, and to poftpone the fhock, till 
he had recovered his ftrength. 

The f{permatic chord was free from difeafe, 
though the teftis was much enlarged, and very 
hard. I began with paffing {trong fhocks, as 
in the former cafe, through the tumor, ‘in 
Gifferent directions; but as his refidence was a 
few miles from London, it was agreed he fhould 
vifit me twice ina week: thefe {trong fhocks 
were therefore regularly applied at the ap- 
pointed times, and it was one month before I 
perceived any alteration, when the tumor began 
to feparate into two bodies: from this time it 
gradually lefiened, the epididymis, and. the 
body of the teftis, being firft diflinguifhable 
‘from each other; the teflis next becoming fofter 
and diminifhing, and the hardnefs of the epi- 
didymis laftly difappearing. 

While I was pleahng myfelf with the hope 
that the fuccefs of electricity, in this cafe, 
would be a fufficient proof of it’s fuperior 
power to other remeaies in local ob{tructions, 
the left reftis began to be enlarged. I knew 
not hew to account for this, unlefs from fome 
general affection of the glandular fyfiem; and 
yet, under fuch a tendency to difeafe, I could 
not fatisfy myfelf, why the other teftis fhould 
have yielded to my local treatment. 


While 
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While in this ftate of £ fafpentfe, Lrefolved not 
to try the effect of a fhock, till fome other 
{ymptom fhould direct me further in the’ caule. 
In a little time, an external inflammation ap- 
peared, and then I was given to underftand, 
that the radical cure of the hydrocele by cauftic, 
had been made on that fide by Mr.-Elfe fome 
years before; I therefore conjectured, that fuch 
part of the tunica vaginalis, as had not been 
deftroyed, but had been left adhering to the 
tunica albuginea, was fuppurating. I applied 
a cataplafm of farina femin. lini, and the fkin 
burft and. difcharged. After the inflammation 
ceafed, hardnefs and tumor furrounded the 
orifice: I then pafled fhocks through the dif- 
eafed part, and. covered the orifice of the open- 
ing with lin, applying the lotion of a folution 
of white vitriol over it. ~ After pafling th 
fhocks, the difcharge was always increafed; the 
hardnefs difappeared gradually, and when the 
parts recovered their natural ftate, the orifice 
clofed. ; 

As I have occafionally the pleafure of feeing: 
this gentleman, I learn from him, that he not 
only remains well, but that the functions of the : 
parts are reftored, and their fecretion perfedt, 
though moderate. 


_A dragoon, 
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A dragoon, who was in St. Thomas’s hof- 
pital at the time of my election, had received 
a contufion on one of his teftes, which had ter- 
minated in afcirrhus; it had refifted all the 
ufual applications, and he came to the hofpitak 
to be caftrated. I, thought it firft advifeable he 
fhould take the chance of the eleétric fhock, 
which was adminiftered daily, and in fix weeks 
I difcharged him from the hofpital cured. 


A ferjeant of the Suffex militia was fent to 
the hofpital'with a {cirrhous teftis, which the 
late Mr. Bayford had condemned to the knife, 
as indeed any experienced furgeon, unacquainted 
with the powers of electricity, would have done. 


I. thought proper to try the effe@s of ftrone 


fhocks in this cafe, which were accordingly 
paffed through the teftis. The firft applica- 
tion produced: a good deal of pain; on repeat- 
ing them the third day, fome fever arofe, and 
the weather being hot, I fent the man to quar- 
ters at Newington, where he {peedily recovered. 
On examining the part at his return, I found 
the mafs of tumor beginning to part into por- 


tions; I-then, began to pafs fhocks, but confi- 


derably fmaller than at firft.. This mode agreed 


well with him, and the teftis was gradually di-+ 


minifhing; but willing to know if the larger 
fhocks 


a 
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fhocks were the caufe of his firft fever, I paffed 
one; his pain was great, his tever followed. [ 
fent him again out of the hofpital till he reco- 
vered; on his return the tef{tis was much di- 
minifhed, and {mall fhocks daily repeated com- 
pleted his cure. 


A negro fervant was.admitted. into. the hof- 
pital, under Dr. Blane’s care, with afcirrhous. 
teftis. The doctor defired me to try, theelectric 
fhock, which was. adminiftered in the fame, 
manner, as in the former cafes, and he was pre-. 
fented out of the hofpital in two months cured, 


A coach-painter was feized with fo-violent an: 
inflammation of the body of the teftis, that a 
liberal ufe-of bleeding, evacuations, and opiates’ 
gave him no relief. On the third day I- found’ 
it would terminate in an abfcefs ;. to: prevent: 
which, I propofed: to pafs fmall electric fhocks: 
through the part, which I accordingly did; the: 
firft was followed by fome refpite of pain. I re- 
peated them every four hours, and the next day: 
the pain and inflammation had fo much fubfi-- 
ded, that the fear ofa fuppuration vanifhed. I 
continued the fimall fhocks, but lefs. frequent, 
‘and at the end of one week. the cure was com- 


pleted. 7 
een : A man 
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_Aman was admitted into St. Thomas’s hof- 
pital, with a {cirrhous teftis. On a confultatior 
it was fuppofed he muft part with it, but it was 
_ judged proper to try the electric fhocks firft. I 
paffed confiderable {trong fhocks, without any 
inconvenience to the patient; but the refult was 
not as had been ufual ; for an abfcefs, formed I 
believe in the body of the teftis, burft, and difu 
charged externally. Electricity was omitted, 
and a foft cataplafm of linfeed applied; the 
_ wound healed, but round the cicatrix was con- 

fiderable hardnefs and induration; 1 then re- 
fumed the fhocks, ancther fuppuration took: 
place, difcharged, and would have clofed, but f 
repeated the fhocks ; and after each time] pafled 
them, the difcharge increafed, and the hardnefs 
diffolved. This mode was continued till the 
fubftance of the teftis feemed in great meafure 
melted away. When all induration ceafed, I 
fuffered the wound to clofe, and the patient left” 
the hofpital cured. 

I fee this man reoneaei & {cme years have 
now clapfed fince he was in the oo he 
continues perfectly well. 


A gentleman aged 28, in perfect health, went 
into the country to purfue the pleafures of the 
chace; the ftrong exercife which he ufed, and: 

the 
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the little temptation he met with, made him ih- 
different about fofter pleafures. At length this 
indifference amounted to a lofs of power; and 
alarmed at this, he applied to a phyfician of 
eminence, who treated him with great judge- 
ment, but without fuccefs.. The medicines all 
agreed with his ftomach, he took them in pow- 
-erfuldofes, but no good effects followed them. 
After the inability had continued twelve months, 
the phyfician directed him to apply to me for 
experiment. The experiment had been tried on 
animals-with fuccefs ; I therefore pafled gentle 
fhocks through both the teftes, fuppofing. their 
deficiency of fecretion was the caufe of the com- 
plaint. Thefe were continued daily, and be- 
fore the end of one week it was evident their 
fecretion was reflored. The patient however 
was fo imprefied with the timor animi, that he © 
chole to continue the remedy a month before he 
fatisfied himfelf of a perfect cure. 
I {aw him three years after, when he ees 
me, he continued well. | 
In the month of November, 17897, a porter 
of the India warehoufes was fent to me by'a 
lady of great humanity for advice, being in a 
{tate of melancholy, induced by the death of one 
of his children. Seven years before, he had 
Oo ihe been 


fe 
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- been feized in the fame manner from.a fimilar 
event, but recovered from it in a fhort time, 
without medical aid. In the year 1783, he was 
afecond time feized, and remained in this me- 
lancholy ftate upwards of twelve months, al- 
though every proper advice was called to his af- 
-fiftance. 

He had been two months afflicted when I , 
firft faw him. He was quiet, would fuffer his 
‘ wife to lead him about the houfe, but he never 
-f{poke to her; he fighed frequently, and was 
"inattentive to every thing that paffed ; his appe- 
tite and fleep were moderate, his body a 
~and his pulfe weak and flow. | 
I covered his head witha flannel, and vied 
‘the eleGtric fparks all over the cranium; he 
’ feemed to feel it difagreeable, but faid nothing. 

On the fecond vifit, finding no inconvenience 
had enfued, I paffed fix {mall fhocks through 
the brain in different directions. As foon as he 
got into an adjoining room, and faw his wife, 
he fpoke to her, and in the evening was cheer- 
ful, expreffing himfelf,as if he thought he 
.fhould foon go to his work again. I repeated 
the fhocks in like. manner on the third and the 
fourth day, after which he went to work: I de- 
_ fired to fee him every Sunday, whichI did for 
three months after, and he remained perfectly 

well. 


¢- 
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well. I then difmiffed him, with a requeft that 


I might be acquainted if ever he had occafion — 


for advice. Inthe latter end of Auguft, 1791, 
the woman again applied to me; her hufband 
had continued well till that time, but.then had 
a recurrence of his melancholy without. any 


proximate caufe. As he had apparent feverith 


fymptoms, I did not think him ina fit ftate 
for the electric fhock; I therefore advifed him 
to apply for medical aid, and to the hofpital, 


if he grew worfe, as I was leaving town. Iam 


unacquainted with the fequel. 


One of the public fingers, from a variety of 


diftreffing caufes, became extremely melancholy ; 
his difeafe gained ground upon him fo much, 
that he was totally incapable of taking an em- 


ployment, which a kind friend had procured for 


him, and was therefore fent to me for advice. 


He had no fever, his appetite was moderate, 
his body regular, but his depreffion of fpirits 
exceflive. Confidering this in the fame light 
as the former cafe, I began with pafling fhocks 
through the head, about fix in number, and di- 
rected him to call the next day. He faid he had 
refted better. The fhocks were repeated daily ; 
his accounts were daily more favourable. With- 
ina fortnight, he afked me if he fhould accept 
Oo2- | an 
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an offer to fing at one of the fummer theatres. 
Ltold him if he thought himfelf capable of un- 
dertaking it he fhould, for employment would 
divert his mind. Heaccordingly attended fome 
rehearfals. I electrified him after the firft fort- 
night every other day: he anxioufly waited. 
from time to time, to find me at leifure for a 
converfation, which teok place at the end of the 
month, when I pronounced him well enough to 
undertake his engagement. He then informed 
me, that his anxiety had arifen from a wifh he 
had to imprefs me with the change which the 
firft operation of electricity made in his mind. 
For fome few days, previous to his confulting 
me, he declared he had at feveral times deter- 
mined to put a period to his life; for this pur- 
pofe he had penfively walked along the banks 
of the ferpentine river in Hyde Park, when a 
thought of religion imprefled him with the hor- 
ror of the defign. At another time he had the 
razor inhis hand, when the footfteps ofa friend 
{topped his purpofe. He had refolved however. 
to effect it, and was in the moft diftrefsful agita- 
tions about it, the morning he firft applied to 
me. Inthe evening of that day, he declared 
he was fenfible of the divine interpofition in pre- 
venting his wicked defign ; that he found himfelf 
able to return thanks ; and this relief of his mind 

was 
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was followed by arefrething fleep, from which he 
awoke a new being: that he felt fenfible ofthe - 
powers of electricity every day after it’s applica- 
tion, being capable of mental exertions imme- 
diately. Hecould not be fatisfied, he faid, without 
making this declaration to me, as no one but 
himfelf could have an adequate idea of the fud- 
den change the firft electric fhocks wrought in 
his mind. 

After this converfation I diftniffed him, aa 
he fulfilled his engagement that fummer with © 
his ufual applaufe. 


A gentleman who had been long a patient of 
Dr. Monro’s, with a moping melancholy, and 
who had reached the age of 26 without any re- 
lief, was brought to me, by the confent of the 
doctor, for experiment. As I had paffed fhocks 
through the brain with fuch advantage, | thought 
this a proper cafe to carry the experiment as 
far as prudence would direct. I therefore took 
a Leyden bottle, which contained 112 fquare 
inches of coated furface, and paffed two ftrong 
fhocks from it, in directions from the frontal 
to the occipital bone, and from one temporal 
bone to the other. The patient was at firit fur- 
prifed, not ftunned with the fhock, and in a 
few minutes defired me to repeat it if I pleafed. - 

Oo 3 The 
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The next day, he fat down with firmnefs, and 
as no inconvenience had occurred from the 
fhocks, I increafed the ftrength, and paffed two 
fhocks in the fame direction as before. On the 
third day, he was reported to have found no 
fort of inconvenience or alteration from the ex- 
periments; fo I ventured to pafs the full force of 
the bottle; this likewife produced no other ef- 
fe& than a flight head-ach, which lafted for an 
hour. I chofe to omit two days, and then re- 
peated the experiment; the patient ftrongly 
expreffing himfelf fatisfied, that this was the 
moft likely means to do him fervice. I was, 
myfelf, moft furprifed that I could practife fo 
boldly, without any ferious inconvenience to the 
brain; and having carried the experiments as 
far as I wifhed, I difmiffed the patient, in the 
fame unhappy ftate he had fo long fuffered, 


Two years fince, J was directed by two emi- 
nent phyficians to electrify a gentleman who 
had not fecreted a drop of urine for nine days. 
Every means to procure a return of the fecre- 
tion had been put in ufe. It was remarkable, 
that the patient fuffered no apparent inconve- 
nience, nor had any particular alarming fymp- 
tom from this want of fecretion. I paffed flight 
fhocks trom the region of the kidneys to the 

; perineum, 
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perineum, through the urinary paflages; in 
eight hours after, about three ounces of a dark- 
coloured fluid (not bloody) °paffed from the 
bladder: after the fecond application of the - 
fhocks, four ounces of a fluid, having the co- 
lour, but not the fmell of urine, paffed in a 
few hours: the next day, he was electrified . 
morning and evening, and paffed about twelve 
ounces of urine: the following day it increafed 
to a pint, the fourth day he paffed a natural 
quantity, and feemed well. However, the fhocks 
were continued a few days longer, during which? 
an eruption appeared on the fkin. I then took 
my leave, and have the pleafure of knowing 
the patient has continued well. 


The fame year a gentleman in good health, 
and of regular habits, aged about 50, was feized 
with a palfy of his urinary bladder; for feveral 
days, his water had been regularly drawn off by 
the catheter; he had been duly attended, and well 
advifed by an eminent phyfician and a furgeon, 
and was at that time taking a courfe of tin@ure 
of cantharides, without any relief; the parts 
began to grow tender with the paffing of the in- 
ftrument. I paffed a ftream of electric {parks 
from the pubis to the perinzeum, and along the 
inferior part of the fpina dorfi, for three days, : 

Oo 4 without 
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without any relief: I then paffed gentle fhocks | 
in the fame direction, and in three heurs after 
he was able to expel fome urine by the mufcu- 
lar power of the bladder. I faw clearly. this 
was the mode to. be purfued; I repeated the. 
fhocks with daily advantage; in a fortnight the 
cure was completed, the patient rode on horfe- 
back, went a long journey, and has remained 
well fince. 


An elderly gentleman, whofe faculties were 
gradually leaving him, had a relaxation of the 
mufcular coat of the bladder, which rendered 
his company offenfive to his vifitors and attend. 
ants. As I forefaw the inconveniencies which 
would refult, being at that time called to him 
for excoriations, I propofed pafling fome gentle 
electric fhocks through the bladder, in hopes 
of reftoring it’s tone. I was permitted to carry 
my advice into execution: he went out in his 
carriage after the operation, and did not wet 
himfelf during his ride; the fhocks were re- 
peated in the evening, and he held his water 
the night; the next day, his pulfe Was too 
quick, and his head confufed; 1 did not there~ 
fore repeat the fhocks, concluding they had oc- 
cafioned thefe fymptoms. Towards night thefe 
{ymptoms abated, and, as the bladder had re. 


cavered 
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covered the retentive power, J had not. further 
occafion to repeat electricity. 
/ 


A lady upwards of 70 years, attacked with 
a paralyfis, which gained upon her, notwith- 
ftanding the moft able affiftance, from the in- 
voluntary flow of urine, was much excoriated : 
I was defired to attend her on this account, and 
was afked to electrify her for her palfy. Her 
extreme debility, and the fpace of time fhe had 
laboured under her increafing difeafe, rendered 
all profpect of recovery hopelefs; I therefore 
propofed to confine my endeavours to the relief 
of that fymptom which was becoming fo pre- 
judicial to her, and paffed a few fhocks from the 
os pubis to the coccigis, directing proper ap- 
plications to be made to the excoriated places. 
Finding no inconvenience refult from the fhocks, 
the next day, I repeated them more ftrong, and 
this was followed by apparently good’ effefls; as 
fhe did not wet herfelf that day. I continued 
the fame mode for’a few days, the advantages 
were daily more favourable; the excoriations 
healed in proportion as their caufe diminifhed : 
I then thought I might interrupt my conftant 
attendance, but the firft day’s abfence repro 
duced the complaint; the-bladder loft it’s re- 
tentive power, and her fpirits were remarkably 
low; fhe would not fpeak. the whole day, ate 


little, 
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little, and flept ill. Within an hour after I 
had electrified her, the following day, the fj poke, 
grew more chearful, and kept her water till 
night. I found a conftant attendance neceflary, 
and vifited her upwards of eight months. Every 
day, after being electrified, fhe would {peak, - 
appear more chearful, take her food, keep her 
water, and fleep well at night; but before I 
came, fhe was fpecchlefs, thewed great marks 
of infenfibility, and was averfe to all the en- 
deavours of her attendants to aflift her. I was 
once obliged to abfent myfelf two days; during 
this fhort interval, they all thought fhe would 
have expired: on my application of electricity, 
fhe revived again; thus the electric power . 
feemed to keep life vegetating, and this feemed 
the only power it had, nature being too much 
exhaufted to co-operate with it; however, it 
_ certainly made her exit comfortable, and the 
laft periods of life fupportable. The mortifi- 
cation, which ufually follows the urinary exco- 
riations, is as offenfively difagreeable to the at- 
tendants, as diftreffing to the unhappy patient. 


On Sunday the 3d of May 1789, a labouring 
man ina fit of defpair hanged himfelf with his 
filk handkerchief, but being difcovered by a 
watchman, was cut down before life was ex- 


tinguifhed: how long he had been fufpended 


was 
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was not to be afcertained with any accuracy. 
He was conveyed to a houfe, where all poffible 
affiftance was given him by a gentleman of the 
faculty ; about ten o'clock the next morning he 
was brought to St. Thomas’s hofpital, where 
Mr. Johnfon, jun. of the Minories, was on duty. 
At the time of his reception he was infenfible, 
his breathing was laborious, noify, and per- 
formed feldom; his pulfe was flow and inter- 
mittent, his countenance indicated an accumu- 
Jation of blood in the head, and he was incapable 
of fwallowing any fluid. Mr. Johnfon firft 
opened a vein in the arm, and with much diffi- 
culty obtained between five and fix ounces of 
blood: this evacuation producing no fenfible al- 
teration or effect, he thought an electric expe- 
riment might with great propriety be tried ; he 
accordingly paffed an electric fhock from one 
jeg to the other, the effect of which was ex- 
tremely furprifing ; the patient ftarted, opened 
his eyes, and feemed very much frightened. On 
repeating the {hock he {poke, the blood left his 
face, and his countenance became pale, his 
pulfe was free and regular, and his refpiration 
eafy. The fhocks were repeated three or four 
times more in the {pace of ten minutes; after 
the laft, a kind of hyfteric affection took place, 
_ and feemed further to relieve him; his feet be- 
came warm, a general perfpiration enfued, he 

| became 
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became, quite rational, and -on removing the 
bandage from his arm it bled freely,,.and fix 
ounces of blood were taken fromit. The patient 
was kept quict for three days, and then dif. 
charged well from the hofpital. | 

On exantining him with refped to what had 
paffed, he faid, he recollected immediately after 
his fufpenfion, to have felt a moft oppreflive pain 
in his back, afterwards a pleafing fenfation of 
green ficlds (colours) before his eyes; from 
which time he recollected nothing till the.elec- 
tric fhock, which he defcribed as balls of fire 
darting through his eyes, 1 do not know if this 
account of the patient’s elucidates. any thing ; 
but it is evident, apparently, fufpended life was 
-ye-animated infliantaneoufly by the fhack, 

If the foregoing cafes are not fufficient to 
prove the fyftem I have adopted, they muft at 
_ Jeaft evince the advantages of electricity in the 
practice of furgery; for it is evident amputa- 
tion muft have been fubmitted to in fome of 
them, if the experiments had been unfuccefsful. 
- I could adduce feveral more cafes to illuftrate 
my meaning, but that I fear to be tedious; and 
_ there are already enough on record to have 
awakened attention. 

A mechanical power, which poffefles fuch 
eminent utility as to leflen the number of fur. 
gical 
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gical operations, is furely deferving the ferious 
attention of every practitioner: that it belongs 
to the department of furgery, and requires a 
knowledge of the caufe and feat of difeafe, to 
be applied with effect, will, Icruft, be readily — 
allowed. : | 
Thus, Sir, having refcued a philofophical ap- 
paratus from the hands of empiricifm, and given 
to it’s modus operandi a rational theory, I fhall 
hope that an eleétrical machine may hereafter 
be confidered an. inftrument of furgery; and 
that in fuch cafes as I have experienced it’s fa- 
lutary effe€ts, the knife will be with-held, till 
a fair and candid trial of it’s powers has been 
made; after which, we are warranted by an- 
cient authority, as well as long experience, to 
put the painful part of furgery in practice. 
“ Cunfla prius tentata: fed immedicabile vulnus 

“ Enfe recidendum 3 ne pars fincera trabatur.”’ 

I am, : 
5 ae ULE 

Your humble fervant, 

JOHN BIRCH. 


ee or os 


i SPS 


A 
ONT Ss Oa ee 


Mathematical, Optical, and Philofophical 
INSTRUMENTS, 


MADE AND SOLD BY 
GEORGE ADAMS, 


Mathematical Inftrument Maker to His Majefty, and 
Optician to His Royal Highnefs the Prince of Wales, 


No. 60, Freet-Street, Lonpon, 
eG MEE eco 
Inftruments for Electricity. 


A ‘Smail ele@rical machine, with a feleé& wt 
ratus pontine 8 .8 o 
An eleétrical machine and medical’ “apparatus ina 
box; the machine is mounted in a plain but 
{trong manner, and fo as to a€t with power; the. 
apparatus is the moft convenient and fimple 
hitherto contrived for medico-eleétrical purpofes 6 16 6 
Ditto with an additional apparatus lately contrived 
for more eafily giving partial fhocks — 7 17 6 
Improved electrical machines, from gl. 138.6d. to 40 © 9 
Eleétrical batteries, from al. 12s, 6d, to 


Eleftrical jars of different fizes 


Elefirical 
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Ele€rical jars with an ele&trometer affixed to them o 

Meuical bottles, with a tube for qualifying the 
fhock | sc 

‘Ditto mounted with a difcharging rod, and an 
electrometer, ,on an improved plan, for giving 
the eleétric fhock — 


ns o 


1 
_Direétors with glafs handles for medical purpofes o 

Jointed difchargers with glafs handles — ° 

Plain difcharging rods _ weil o 

An univerfal difcharger and prefs — 1 

Kinnérfly’s ele€trical thermometer skh 1 

Quadrant eleétrometer ee 5 

Cavallo’s atmofpheric ele&rometer, from 15s. to 1 

Ditto with additions by De Sauffure —- i 

Bennet’s gold leaf electrometer oO 

An apparatus for making Canton’s and Wilfon’s 
experiments on eleétric attraction, &c. 

Compound apparatus, fig. 49, plate II]. of my 
eflays on electricity; by this apparatus a great 
number of neat and fatisfaGtory experiments 
may be performed : 3 

Ditto without the exhaufted flafkand condu@tor 1 

Leyden vacuum O 

Luminous conductors 1 

Spiral tubes, from 4s. 6d. to o 

_ Coloured fpirals . . o 

Sets of fpirals, fee plate V. fig. 98, of my effays 
on eleétricity 4 

Luminous words, fram 10s. 6d, to te 

Spotted bottle ——— ° 

Belted bottle, plate III. fig. 46 1 


Double bottle, a pleating and ufeful part of an 
ele&trical apparatus, to gain a clear idea of the. 
Franklinian theory TNE AVG 8 re) 

Plates and ftand for dancing images, pith images, 
and pith balls nF 

An artificial {pider 

A fmall head with hair sipeab hintaan i eae 

An ele@rical piftol for inflammable air — ° 

Ditto mounted in fets | . 

A fet of paper working models, tobe putin motion . 
by the eleétric fluid _——-— 2 

Asn eleftrical cannon for gunpowder : 

A thunder houfe © 
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A thunder houfe with a drawer — oo 8 6 
A powder houfe, fig. 89, plate V. — o 16 0 
A pyramid, fig. 90; P plate V. PSEA Se Ode 6o 
Nicholfon’s revolving doubler : omni 3 ° 
A bone ball and a ball of box wood fitted on brafs 
wires 
Ele&ric flyer and points 
A plain fet of bells, fig. 17, plate bbe ; ay ae 6 
Five bells mounted on a ftand, fig. 18, plate 1 tier ek. Sen 
A fet of mufical bells, fig. 195 | plate TI. sihen FH ares 
Magic pifture | a o 10 6 
Ele@rical f{tools, from 8s. 6d. to piss 
An electrophorus, from 10s. 6d. to — 
Optical Inftruments. 
The beft double jointed filver fpeftacles, with 
glaffes Otay Cai 
_ The beft ditto, with Brazil pebbles — t...16;; 0 
Single-joint Giver fpettacles, with glafles “Oo 157 0 
Ditto, with Brazil pebbles — igo) 
Double-joint fteel ditto, with glafles —— Orie el © 
Beft fingle-joint (pe€tacles ve ® 5 0 
Ditto, inferior frames, from 2s, 6d, to — Oo. 3. © 
Nofe fpeftacles, mounted in filver ve o 7 6 
Ditto in tortoife thell and.lver — 6 40 
itto in horn and fteel a (> Bena Me 
Speftacles for couched eyes 
Ditto with fhades © 
Concave glaffes in horn boxes, for Hort. fighted eyes 
Ditto, mounted i in tortoifefhell and filver, pearl. and 
filver, in various manners, and at different prices 
Reading glaffes, from 2s. 6d. to a7 2 
Opera glafles, from 10s, 6d. to 2 2 
Ditto on an improved conftruétion, 11. 7s. and eae > 
Ditto to be ufed at fea by night Pa Qe te 
Diagonal operas of a new conftru€tion — pe. 
Telefcopes of various lengths, fizes, and prices 
Acromatic telefcopes, portable and convenient for 
the pocket, the fliding tubes are of brafs, and - 
therefore not fubje& to the inconveniencies of) 
thofe that are made with vellum drawers, from ells : 
: (o) 


- 113, 6d, to a | 
; Pp Telefcopes 


/ 


1 
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Telefeopes ta be ied at fea by night 
Acromatic perfpeétive glaffes for the pocket, from 
10s. 6d. to 
An optical vade mecum, or portable acromatic 
telefcope and microfcope, from gl. 1gs.6d.to 4 14 
A thirty- inch acromatic telefcope, with different 
eye-pieces for terreftrial and celeftial objects 5 
this is one of the moft pleafant telefcopes that is 


PRA BD? 


made for general purpofes, from 81. 8s. to Laat 
An acromatic telefcope, about three feet and an 

half long, with different eye-pieces — 18 18 
A three-feet refle&ting telefcope, with four magni- 

fying powers, with rack work — 36 15 


A ditto, two feet long, with ditto > SS 
A two-feet reflecting telefcope, with two powers 12 12 


An eighteen-inch ditto 8 
A twelve-inch ditto Bl 
Adams’s LUCERNAL MICROSCOPE, for opake and 
tranfparent objects ; itdoes not fatigue the eye, 
is in all cafes a proper fubftitute for the folar 
microfcope, and on many occafions fuperior to 
it 21  O0- 
A {mall double-refle@ting microfcope — ‘a? a 
A larger ditto 7 ee 
An improved univerfal double microfcope 6°" 6 
Ditto fitted up ima different form, from 81. 8s. to (14°14 
Ellis’s aquatic microfcope 2 2 
Ditto with an adjufting fcrew a Sg te 
Withering’s and other botanical microfcopes, from 
108. 6d, to Zi0ug 
Small pocket microfcopes, from 6s. to — 38 13 
Solar microfcopes ———— | a 
Ditto 6 6 
Solar microfcopes for opake and tran{parent objets, 
from il. 16s, to we 2t 
A microfcope and lanthorn to imitate the folar | 
microfcope 
Curious colle&tions of objets for the microfcope, 
either opake or tran{parent 
Colleétions of falts, properly prepared. for the 
micro{cope 
Magnifying glaffes for botanical, anatomical, and 
other purpofes, from zs. to.’ by ok 
Small magic lanthorns, with twelve fmall Sie Se 
fliders, from 10s. 6d. to eae 
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Small magic lanthorns, with the fliders better 
painted 

Large ditto, from 11. 5S: to _ 

Optical machines for viewing eertctte bids: 
from 18s. to 

Scioptric balls — «one ry 

Small camera obfcuras, from 10s, 6d. 

Book and pyramidical | camera ann from 
gl. 3s. to 

An artificial eye for-illuftrating the principles of 

_ vifion 

‘Prifms, mounted in various manners ; 

Concave and convex mirrors, from 7s. 6d. to 18 

Cylindrical ditto, from il, 1s. to — 13 


be. 


1 wor 
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Geographical and Aftronomical Inftruments. 


PRICES OF CLOBESs, 


28 inches diameter, mounted in mahogany frames 52 


28 ditto frames carved and ornamented 
18 ~— ditto mounted in the common manner 6 
18 ditto mounted in the common manner 
in mahogany frames ~ 8 
18 ditto mounted in the beft manner, in 
{tained frames 10 
18 ditto mouiited in the beft manner, in 
mahogany frames wee 12 
18 ditto mounted it the beft manner, in 
carved frames 16 
16 ditto mounted in the common manner 6 
12 ditto mounted in the common manner 3 
12 ditto mounted in the common manner, 
in mahogany frames anemine 
12 ditto mounted i in the beft manner, in 
{tained frames — —_—— 5 
12 ditto mounted in the beft manner, in 
mahogany frames —__— 7 
9 ditto mounted in the common manner 2 
9 ditto mounted in the beft manner 4 
6 ditto mounted in the beft manner 3 
* 3 ditto | mounted in the beft manner 1 
Pp 2 


10 Oo 
6 o 
8 Oo 
10° 6 
12°06 
16 oF 
6 o 
3 (@) 
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15 (OG 
7 OC 
2 0 
4 9G 
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3 inches diameter, for the pocket Eby 
An armillary dialling {phere 
An armillary {phere, fhewing at one view the real 

and apparent motion of ihe heavens 31 
An armillary fphere, with a planetarium within it 91 
Plain armillary {pheres 


A manual planetarium and tellurian ME, . 3 
A new inftrument for illuftrating the phenomena 
of the feafons ges 4 
A ditto for illuftrating the phafes of the moon, and 
the caufes of eclipfes tne eee 4 
A manual planetarium ~ 2 


(The three laft-mentioned inftruments are thofe 
reprefented in plates V. XV. and XVI, of | 
my Aftronomical Effays) 

A planetarium with wheel-work, by which the 
order and motion of the planets, their fituation 
with refpe& to the earth at different times, and 
the reafon of their appearing to be fometimes 
ftationary, and to move at other times in contrary 

_ direétions, are rendered obvious to the eye 7 

A tellurian and lunarium for illuftrating the phe- 

nomena of the earth and moon, and forming a 

proper companion for the former 

(The telNurian and lunarium may be combined 
together or feparate)} - 

A. correét and elegant planetarium, lunarium, and 

, tellurian, (fee plaie XIX. of my Aftronomical 


Eflays) —— £3 
-Ditto with the urea motion to the earth 24 
The moft complete planetarium, tellurian, and 

lunarium, plates XVII. and XVIII. 36 - 
Orreries, from 431. 18s. to wees 1000 


A {mall quadrant, with an horizontal and vertical 
motion, for the inftruétion and amufement of 
young people 

A ditto framed in brafs, more accurately made and 
sraduated | 

A, {mall equatorial, being at once an accurate uni- 
verfal-dial, and a portable oblervatory; with it 
a, great number of curious and interefting pro- 
blems.may be folved, and any perfon foon ren- 
dered matter .of the elements of pragtical a{tro- 


ae ° 


2 


) nomy se 8 
| Ditto on a larger {cale, witha telefcope, and more. 
adjuftments” bee 26 


Se d; 
10 6 
°° 
10 © 
10 Oo 
13 
10 oO 
10. Q- 
BTA: 
17° 
18 @ 
Oo @ 
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16 
12 
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Complete 
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Complete equatorial inftruments, fain ogs.to 500. 


Tranfit inftruments, aftronomical quadrants, cir- 
- cular inftruments, according to their fizes,’ the 
variety and accuracy of their adjuflments. 


Mathematical Inftruments, for Geometry, 


Drawing, &c. 
c 


Plain compaffes for meafuring lines, from 1s. to . 
Drawing compalfes with moveable points, from 
-5s. 6d. to- ——-— eee 
Drawing pens, from 1s. to —_—_—_— 
Bow compafles for defcribing {mall circles, from 
s, to PTR Ry AALAND 
Hin compaifes for taking extents with accuracy 
Beam compailes for defcribing large circles, ayn 
down divifions, &c. 
‘Triangular compatles for transferring Vines Daints 
at once from any plan or drawing, from 18s. to 
Proportionable compaffes for diminithing plans, or 
drawing in any affigned proportions | 
Elliptical compaffes with fri€tion rollers, for 
drawing ellipfes 
Elliptical compaffes on a different conftruétion, 
an{wering at the fame time the purpotes. of beam 
and calliper compaffes 


Spiral compalfes for defcribing fpirals, anfwering | 


aifo as beam and elliptical compaffes, from 61. 6s. 


to a SERANGaRE names 

Parallel rules of various conftruGions 

_A new-invented parallel rule, which for facility in 
application, and accuracy, exceeds any other 
kind, from 8s. 6d. to wee ere 

Ditto with a protra€tor 

An inftrument for drawing lines inclined in a given 
angle to each other, though the angular point is 
at an immenfe difance, a rule exceedingly ufe- 
ful in perfpective 

Various inflruments for the purpofe of dividing 
lines, or transferring divifions on paper 

A cyclograph, or an inftrament by which circles 
may be defcribed, from 4 or 6 inches radius to 


11 


1 


5 oO 
3 
5 oO 
5 Oo 
7 6 
1 0 
eh 
4 0 
4.0 
1! oO 
1 @ 


one as large as the orbit of the Georgium Sidus’ 6464 0 
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Plain {cales and fetors of different fizes 
Square protractors, femicircular and circular 


Pocket cafes of drawing in{truments, from 7s.6d. to 5 


Magazine, or complete colle&ion of diawing in- 
ftruments, at 11]. 118. at 17l, 17s. and from 


thence to Medison Oth Wa) 50 
Perfpeétive compaffes for afcertaining the relative 
proportion of objects - i ages Ate: ° 


A new invented inftrument for taking views, &c. 
which will facilitate the operations of the artift, 


and greatly affift beginners 3 
A ditto for drawing on an horizontal plane is 
Pantographers for copying, reducing, and enlarg- 

6 


ing drawings, from 2l. 12s. 6d, to 


Surveying Inftruments, 


Gafes of drawing inftruments, — Parallel rules, — 
Plotting fcales.— Sets of plotting fcales.—A 
new-invented parallel rule, with plotting fcales. 
—A parallel rule and protrattor 

A plotting {cale, in form of a beam compafs 

Protra€tors for laying down ang!es 

Ditto with anonius and moveable limb ore | 

Ditto rendered more accurate, as the limb 1s made 


to move with a tooth and pinion hn salir A. 


Mealuring wheels — 6 
Pedometers for mealuring a given diftance in walking 
Meafuring chains pf 50 and 100 feet 
Gunter’s chain — 
Tape boxes, according to the length 
Surveying crofs or fquare r- rt ae 
Plain tables, with an index and fights; by thefe 
the planis taken on the fpot, and does not require 
a future protraction — — 
Beighton’s improved plain table, with an index of a 
peculiarmake; in this inftrumentthe line of fight 
is always over the center of the table, the {tation 
lines are alfo drawn parallel to thofe meafured 
on the ground 


7 a ° 
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15 6 
9. 19 
18 fe) 
3 0 
5 oO 
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12 6 
14 6 
16 6 
7 6 
11 6 
13 6 
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Theodolets, or -inftruments for meafuring angles, 
diftances, &c. are made in various ways, fome 
‘ beimg more fimple and portable, cthers more ac- 
curate, and with a greater number of adjuftments 
Theadolets, with four plain fights, ‘anda com- 


pafs box, from gl. 58. to 5 

A {mall theodolet, with telefcopic fights and \ ver- 
tical arch aa — —_ 

An improved {mall theodolet with rack motions 

A larger ditto, in which the limb of the theodolet 
is made to ferve ceeatanay the purpofe of a 
_protrattor 14 


A ditto of the fame fize, on a d fferent conftruc- 
tion, the vertical arch being fixed toa long 
axis; the limb does not ferve fora protrattor 14 

A larger ditto, like the preceding, only moving 
with rack-work —— 24 

The lateft improved theodolet, with double telel-. 
cope, and every requifite adjuftment 

Circumferenters, the principal inftrument ufed in 

| America, from al. 2s. to ee 4 

An improved circumferenter, fo contrived, that the 
operator need not reft the truth of his work en- 
tirely on the needle; it may be alfo ufed to take 
altitudes 

Air or fpirit levels with telefcopic fights, from 
4l. 14s. 6d. to 

Air or fpirit levels with plain fights 

Station {taves with fliding vanes for levelling 1 

A fmall furveying compafs, with fights, a nonius 
divifion, and three-legged ftaff 4 

A {mall furveying compafs and fingle ftick 2 
(The two foregoing inftruments are portable and 

light, and may be put with eafe in the pocket) 

Miners compaffes, ufed for carrying on works 
under-ground, from ios. 6d, to 

Ditto with a fmall telefcope fixed to one fide 1 

Green’s telefcope and tangent board, for meafuring 
diftances at one tation : (it is obvious, that on 
the meafuring of a ftrait line with accuracy, the 
whole bufinefs of furveying depends, Mr. 
Green’s method is certainly more expeditious 
than any other, and is not liable to objections 
which may be made to them). 


15 6 
9 x2) 
14.06 
14.0 
o Oo 
14 6 
12 © 
11 6 
16 oOo 
14 6, 
2 0 
° 

11 6 


Optical 
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RE 0 Sa) Oe 
Optical fquare,afmall inftrument for furveying by « 
right angles; it requires no ftaff, and may be ! 
eafily corrected or adjufted | heretemee 1 16 0 
An optical inftrument for determining with accu- 
racy when.abjetts are in a flrait line ane tein iQ 


Apparatus for Experiments on Magnetifm, 


An apparatus for explaining the principal pheeno- 
»mena of magnetifm, from gl, gs. to oo 15.45 0 
Magnets 
Small compound magnets 
Horfefhoe magnets . 
Compound ditto, from 15s.to. = 21 6 


ies 
Dipping needles from 121. 12s. to aimee 34 10 0 
Variation compaffes, 21, 12s, 6d. to fei 2t Oo. 6 


Inflruments for Experiments on Pneumatics. 


A {mall fingle-barrel air-pump — 2 12 
A {mall double-barrel ditto a Ake 
A larger ditto east! 6 316 
A table air pump = 10 10 
The American double barrelled air pump, the lateft 

improvement on this inftrument, in which the 

air receives no impediment from the ation of 

valves or cocks, exceeding Smeaton’s in accyu- 

racy and fimplicity, and far fuperior in both re- ’ 

fpeéts to feveral later contrivances 
A condenfing engine; this may be, if defired, com- 

bined with the former, but the rational and 

_praftical experimentalift will find many advan- 
tages in having them detached from one another ‘ 


Oo ADH 


Apparatus for an Air Pump. 


The madgeburg hemifpheres, from 12s, to 1 11 6 
A flat plate and collar of leathers for placing on 
open receivers eee —— oo 15.6 


Guinea 
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Guinea and feather apparatus, for experiments on. 
the refiftance of the air, from 18s. to _— 

A fet of mills for ditto 

A ditto on a better conftru@ion 

Bell apparatus, for fhewing that a vacuum doesnot 
communicate found —___—__ ° 

Ditto on a better conftru€ion-. 

Ditto with wheel-work, by-which the bell may be 
put in motion or Rtopped at pleafure aes 

A new apparatus for ftriking flint and fteel in vacuo 

An apparatus for firing gunpowder in vacuo 

A copper bottle, beam and {ftand, for weighing of air 2 

A box bladder ous lead weights, to fhew the elaftic 
power of the air. ° 

Ditto on an improved plan a ° 

A model of a pump, illuftrating at the fame time 
the nature of pumps, and proving that there is 
no fuch thing as fuétion 

A {mail receiver and plate, which clearly evinces 
that receivers are kept « on the pump by ‘prefiure, 
not fuétion. ~~ ° 

A filtering cup pik pe steTEe ° 

A plate Lind piece of wood ° 
(Thetwo laft articles are for fhewing the PvNy 
~ of vegetables) 

The torricellian experiment 

Fountain in vacuo 

Ditto on a different contr uétion cael ibis 

Lungs glafs 

Ditto on a different conftruétion . 

- A fingle transferer plate and pipe for a fountain o 


i 


——_——9 - 


0606 


Infiruments for Navigation. 


Cafes of ia ftrudiente, and telefcopes of different 
kinds, fizes, and prices 

Night telefcopes, from 1. 11s. 6d. to — 2 
pera glafs for the fame purpofe 

A telefcope with an eyé-glafs micrometer, for de- 
términin 1g the diftance ofa yr at fea 4 
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4 0 
5 6 
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16 o 
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18 o 
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12 0 
5 6 
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Hadley’s 


le . 
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 Hadley’s quadrants in mahogany frames  — 
Ditto in black ebony frames 
Hadley’s {extant in wood 

‘Ditto in brafs, on the moft improved plan, fro 


111, 11S. to 45 
Knight’s fteering compafs, with improvements 2 
Knigit’s azimuth ditto — oe 5 
Ditto on friétion wheels oe NICE 10 


Marine barometers; by thefe florms have been 
foretold at fea fome hours before they happened 
Circular inftruments, to anfwer the purpofe of the 


fextant | 


Dipping needles, from igl,12s. to § — 31 


Meteorological Inftruments. 


A plain portable barometer 
Ditto with a thermometer i ctie t Saoaie 
A plain barometer, covered frame and glafs door 
Ditto with a thermometer 
A barometer with along cylindric thermometer 
A ditto with ditto, and De Luc’s hygrometer 
-A barometer and thermometer, with a guage, the 
indexes moving by rack-work | 
A barometer for meafuring the altitude of moun- 
tains, &c. 
Marine barometers 
Diagonal, wheel, and ftatical barometers 


oT NRO No 


Fahrenheit’s thermometers, from 11. 1s. to 2 

Ditto for botanic purpofes pets a 

Ditto for the brewery 5 

De Luc’s hygrometer; thefe are the only inftru- 
ments by which comparative obfervations can be 
made on the drynefs and moifture of the air, 
from gl. gs. to iad 7 

Rain guages 

Dr. Lind’s wind guage 

-Hygrometers with the beard of the wild oat ° 

Fontana’s eudiometer for afcertaining the purity 
of the air , Pie 
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12 


18 


10 
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Inftruments 
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Infiruments for illuftrating the Mechanic. 
Powers, the Laws of Motion, &c, 


A concife apparatus for illuftrating the nature of - 
the ballance, the pulley, the different kinds of 
levers, the inclined plane, the wheel and axle, 
the {crew, a compound engine, and acompound 
lever; alfo, a double cone to move up an in- 
clined plane, and other pieces to fhew the pro-' 
perties of the center of gravity, from 211.to » 26° 5 o- 

A ditto on a more enlarged f{cale 

Atwood’s apparatus for demonttrating with accu- 
racy the laws of accelerated and retarded motion. 
Itis oneof the moft pleafing and {cientific inftru- 
ments in mechanics, as wellfrom the variety of 
experiments that may be made with it, as the 

accuracy with which they are performed 26 
A machine for illuftrating the theory of central 

forces; in this machine the times are marked by 

found, the fpaces are fhewn by an index, the _ 

_ errors arifing from friétion are fo far leflened as 

to be {carcely fenfible — ‘Bi 1079 

Pullies of various combinations and conftru&tions 

& {mall carriage, inclined plane, wheels of differ- 
ent fizes, &c. for experiments on wheel carriages 

Roberval’s paradoxical bailance | 

Cycloidal lever, fee Emerfon’s Mechanics, prop. 

20, 25. 

Compound fteelyard Mia 

‘An apparatus for experiments on collifion 

Ditto for illuftrating the compofition and refolution 
of motion 

Pyrometers on various contftruétions | 
With many other articles and models for expe- 

riments on friction, pendulums, &c, too 
numerous to be comprized in a {mall catalogue 


Inftruments 
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Inftruments for Experiments in Hydroftatics 
? and Hydraulics. 


tae nF 


_ Hydroftatic ballances, from zl. 2s. to — 10 10 © 
' Nicholfon’s improved hydrometers, for afcertaining 
the fpecific gravity of bodies 
Ditto for examining of coin ' 
_ Aconcife apparatus for experimentson hydroftatics21 10 © 
_ An apparatus for fhewing that fluids have weight 
Ditte for fhewing that the particles of fluids exer- 
cife their prefflure independently one of the 
other , : 
Ditto to fhew that fluids prefs in every direction 
_ Ditto to demonftrate the lateral preflure of fluids 
Ditto to fhew that, ceterzs paribus, the preflure of 
fluids is as their perpendicular height 
_ The hydroftatic paradox 
_ The hydroftatic bellows 
Apparatus for illuftrating the laws of preflure and 
' equilibrium between heterogeneous fluids 
Ditto for illuftrating the a€tions of fluids upon 
‘ie _ bodies immerfed in them 
An apparatus for-experiments on {pouting fluids 
Hydrometers for proving {pirits, from 11.118,6d.to4 14 6 
An apparatus for making experiments on capillary 
tubes | 
The model of the diving bell 
A glafs model of the lifting pump 
A ditto of the lifting and forcing pump 
Hiero’s fountain in copper japanned 
Ditto double ~ sf 
_ Fountain of command 
_ A japanned copper fountain fo a€t by condenicd 
air with a variety of jets 
Apparatus for experiments on fyphons, 
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